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PART ELEVENTH. 



Containing every thing most curious in philosophy in gene* 

ralf and in its various branches. 

Having gone through the different parts of the mathe- 
maticsy and of the sciences or arts comprehended under 
that head^ we now enter the field of philosophy, which 
presents as many objects worthy of exciting our curiosity 
as the mathematics ; or, rather, which is indeed still more 
fertile in that respect, and affording matter still better 
adapted to the comprehension of the generality of readers. 
This matter is even so abundant, that we can scarcely 
establish divisions in it ; so that this part of our work will 
be a kind of a miscellany, without much order, of every 
thing that belongs to philosophy in general. We shall sue* 
cessively review in it, the principal properties of bodies ^ 
the inventions, whether useful or amusing, to which these 
properties have given birth ; various questions relating to 
the system of the world, to meteors, and the origin of 
springs, with other objects, which it would be too tedious 
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to enumerate. But before we enter this vast field, it is 
necessary that we should establish some general prin- 
ciples, which we shall do in the following account of what 
philosophers have called the four elements, viz, fire, air^ 
water, and earth. 

PRELIMINARY DISCOURSE, 

On the Elements of Bodies. 

In analyzing any material, when we have arrived tt its 
last component parts, and cannot decompose them far- 
ther, we ought to regard them as its elements. Now every 
one knows that all or most bodies, submitted to analysis, 
furnish a fixed matter ; also something that is inflammable ; 
an invisible fluids which manifests itself only by its expan- 
sibility and its resistance ; and lastly another which heat 
raises into vapours, and which afterward reunites under a 
visible form. These four component parts have been 
naitied ea^th^ fire^ air^ and water. These enter into the 
composition of most bodies ; but cwnot themselves l>e de- 
composed. They ought therefore to be considered as the 
e^gients of all other ^bodies ; which justifies the commoâ 
4^nomination, which has been established almost from the 
^rst dawn of philosophy, according to which there are in 
nature the four elements, fire, air, water, and earth. 

§ I. Of fire J both elementary and material. 

. What is fire ? This is perhaps one of the most obscurci 
questions in philosophy, and the least susceptible of a 
satbfactory answer. The most probable account how- 
ever, which its known properties enable us to give, is the 
following. 

Fire is a fluid universally diffused throughout nature ; 
which penetrates all bodies with more or less facility ; ia 
susceptible of being accumulated in some of them, and 
this accumulation produces, in regard to us, that sensation 
which we call heat. When this accami^btion is carried; 
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tod faighef degree, it produces inflammation and combii»»' 
tîon^ which are always accompanied with light. In every 
state, this fluid dilates bodies in proportioh to the greater' 
or less qtiandty of it present ; and it at length separates 
their parts, which we call fusing, burning, calcining. 

That Are is a fluid, there can be no reason to doubt; 
for if it were not, how could it be diffused throughout the 
atmosphere, and throughout water, without forming an 
obstacle to the motion of bodies ? How could it penetrate 
the densest and most compact bodies, such for example at 
metals ? 

Nay, fire is not only a fluid, but it is even the principle 
of all fluidity ; without its influence, all the fluids, with 
which we are acquainted, would be reduced to masses ab^ 
solutely solid. Metals become fixed at a degree of heat 
far superior to that of boiling water. Water loses its 
fluidity as soon as the heat or quantity of fire has been di- 
miifished to a certain degree. Spirit of wine, and erett 
mercury, are coogealed by the progressive diminution of 
heat. There is a degree of cold, or privation of heat, per-» 
faapsy which would convert air into a fluid like water, and 
even into a solid body : but we are at a prodigious distanced 
from that term. 

Fire penetrates all bodies with more or less/àciliti/.^--T}âÉ 
fidJows from the communication of heat from a hot to a 
cold body. It is with greater or less, a moderate facility^ 
and not with extreme facility, that beat is communicated : 
for it is well known, that this communication is not instan- 
taneous : if the point of a pretty long needle be presented 
to tbe flame of a taper, both its ends do not become equally 
hot at tbe same time. One body receives this heat more 
readily than ^another ; or, as we may say, has a grea^tet 
aflbiiiy for beat» 

The aecumulatUFn of the igneous Jluid produces on out 

* 

bodies that sensation which we call heat. — This requires nd 
proof; bat tbe sensatioD is only relative. As long as the 



to ^.^^i, > iiotter than the body with- 

nv ^ ^,H.T seems to us cold ; but it 

t- , ^ ^draiy if the hand be colder, 

^ ^vus duid ; or if that fluid tends 

^. . mOc«» frpm that body into the hand* 

^ .^ ^% «icquainted with the following ex- 

.i^ .mini in a very high degree, and cool 

.^.^ .*» tile temperature of ice; if you then 

,s ;»Xhu into tepid water, the one wifl ex- 

^ .«.vu4\Hi sÀ cold, and the other of heat. 

^ .^jki^H^ carried to a considerable degree, pro^ 

^^.^jmmiWH^ always accompanied with light. — ^It re- 

^ ^.., MHUtf ox|ieriment8 made by BufFon, that iron 

^. .^.« «\iUH»ut being in contact, to the action of another 

. ^ V .« .« \(4te pf inflammation, becomes itself inflamed 

^ xv« Mul *^i^ ignited body is nothing else than a body 

^ ,1 ,\4vU iii^ i|{neoiis fluid is accumulated to such a degree 

X .o iHH^i'iMfs luminous. All light indeed is not accom- 

«vi\«o«l Willi hisat ; but all heat, carried to a certain degree, 

tti^pp weight t — It appears to us that there can be no 
y\M\M Uiîii (irts i» littavy : it is matter, since it acts upon 
\miM i Mul flmrrifure it must possess weight. But the 
^iiRMfWi I», îh know wliulher this weight is perceptible, 
Hiifi f.fifi b«: inUicttitsd by the instruments which we em- 
|ilMt<. te'Ofi(y«:«aiidii and Muscbenbroeck made some ex- 
|if.f MifUHMi oil (liiif subj(!Ct ; but they found no diflerence 
iihl^^tt^h liiiu^.^ at ignited iron, or iron penetrated with 
lfU9i, 41^1 iUti ^attm niaMKeM when cold. They however con- 
^hél^t hhth iUbUi, iliut as ignited iron, which by its in- 
ib^^iM^i^lf Ml voluifii: ought to weigh somewhat less in air, 
¥f^-éiilé*^i liui Mffie in that state as when cold, this equality 
#4«i#&i Uiiktz inibiiu from the addition of the weight of the 
fc#A. ^/M..^fii m it. lint their experiments were not made 
v»^il« iliA: êiêu^ês^hifLry degree of care. 

hhtUh, Mrliii, by means of the forges belonging to him. 
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was enabled to make a much greater number of experi- 
ments, and on a larger scale, always found that pieces of 
forged iron, brought to a state of ignition, weighed a little 
more than when cold ; and he fixed the diminution at a 
600th part of the weight of the ignited body. But it must 
be allowed, and Buffon was sensible of it himself, that this 
experiment could not be decisive ; for be has shown, that 
iron kept for some time at a red heat, continually loses a 
part of its weight, because it gradually burns : on this ao- 
count he made further experiments on a substance very 
common in furnaces, namely slag. He first assured him- 
self that slag retains its weight, or loses only an insensible 
portion of it, in consequence of being heated and cooled 
again. He then weighed some of this slag cold, by. a very 
ddicate balance ; he next brought it to a white heat, and 
then weighed it a second, and a third time after it had 
cooled. Five experiments of this kind always gave an 
excess of weight in the ignited slag, above that which it 
had when cold, both before and after. This difference 
amounted to a 580th or a 600th part of that of the piece 
of sla^. 

But k may be said, if this be the case, fir<e is heavier 
than air ; for the specific gravity of slag is to that of water, 
as 2i to V; therefore this gravity is to that of air as 2\2S 
to 1. But the fire contained in a piece of ignited slag, is 
about a 600th part of its weight ; consequently it is to the 
weight of an equal volume of air, as 3} to 1, which is not 
credible. So great is the tenuity of fire, that we can 
bardly allow ourselves to think that its specific gravity 
approaches even near to that of air. 

But it must be observed, that in an ignited mass^ 
brought to a white heat, a large quantity of fire is ac* 
c^omulated: the weight therefore of fire, in its ordinary 
state, and in bodies heated to the mean temperature of 
our.atmosphere, may be utterly insensible: but when five 
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or six hundred times, or more than tliat quantity, bas been 
accumulated, and to such a degree as to produce ignitioo^ 
its gravity may then become sensible. Let us suppose, 
for example, that the fire diffused throughout air, heated 
to 1 degree of the thermometer, weighs only the 300tb 
part of the weight of that air ; when five or six hundred 
parts more have been introduced into it, to produce igni-* 
tion, its weight may then equal, and even surpass, die 
weight of such air as we breathe. We do not know whe- 
ther this would have been Buâbn's answer ; but such, in 
our opinion, is that which might be given. 
• Those persons however are mistaken, who consider the 
increase of weight which metals acquire by calcination, as 
a proof of the heaviness of fire, which by this operation 
they su ppose to become fixed , and in some measure solid^d 
along with the metallic calces.' It is now known that fire 
kas no part in this augmentation of weight. 

Firt dilates bodies : by dilating them^ it separaies their 
constituent parts ^ and at length liquifies them. — This phe- 
nomenon, in regard to the efiect, is well known. That 
fire dilates bodies, is well known, as will be shown here* 
after by means of a very ingenious machine, which serves 
to determine the degree and ratio of this dilatation. But 
it cannot produce this effect without separating the con- 
stituent parts of these bodies ; and this is the mechanism 
by which it is afterwards able to liquify, and even to vola^ 
tihze them ; for the solidity of a body is the effect of the 
mutual adhesion of its constituent parts; an adhesion 
which, in all probability, is produced by the contact of 
these molecuiae in large surfaces. But when fire intro* 
duced between them, produces a separation, and causes 
them scarcely to touch each other, the body has then at« 
tained to such an extreme degree of fluidity, as to be 
volatilized. 
These particles, having no longer any adhesion, can be 
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t:arried away by the least effort^ such as that of heat^ which 
continually exercises an action to extend itself in every 
directipné 

There are some bodies however, which fire at first tends 
to contract: but this is because they contain principles 
•which the fiise dissipates : of this Jcind is clay, which at first 
shrinks in .the fire ; but if exposed to a greater degree of 
heat, it dilates, liquifies^ and is changed into glass. 

§ II. Of Air. 

Air is an elastic, heavy fluids susceptible of compression; 
which expands by heat, and contracts by cold.' It is ne^ 
eessary for maintaining life to all the animals with which* 
.we are acquainted ; it becomes charged with, and com» 
ÏÀnes witb^ water, as water combines with it. Such are the 
principal properties of air, of which we shall here give a 
general view, and which we shall prove hereafter by some 
usurious experiments. 

. Jlir is a heavy fluid.-^To discover this property in air, 
and to prove its existence, requires only a slight knowledge 
of philosophy. It may be demonstrated by a very simpla 
experiment. Take a glass globe, 6 inches in diameter, 
furnished with a tube that can be opened and shut by a 
stop-cock ; exhaust it of air by means of a pneumatic ma« 
chine, and then shut it, so as to exclude the external air \ 
weigh the globe thus exhausted of air by a very nice ba^ 
lance ; if you then admit the external air, by turning the 
cock, the equilibrium will be immediately destroyed, and 
that end of the balance which supports the globe will pre* 
ponderate. For a globe of the size above mentioned, 45 
-or âO grains must be added to the weight, to restore the 
equilibrium. 

Air in an elastic fluid, — This may be proved by the fol- 
k)w4ng very simple experiment. Introduce air into a 
bladder, but in such a manner as not entirely to fill it. If 
âhe bladder be tbdn earned^ in that state, to the suiâmit 



of a mountain, it will be more and more distendea; aSa 
by carrying it to the top of a very high mountain, such ai 
' the Cordilleras of Peru, it might be made to distend so 
much as to burst. 

The siime effect will be produced if the bladder be 
placed under the receiver of an air pump. For if the re- 
ceiver be then exhausted of air, on the first stroke of the 
piston the bladder will swetl out, eveu if it contains only 
an inch of air ; and when the external air is suffered to re- 
enter the receiver, it will resume its former state. 

There can be no doubt that this effect is produced by 
the elastic force of the air; which, when the pressure of 
the external air is removed, increases in volume; and when 
the pressure is restored, it assumes ils former state. It is 
like a spring, more or less compressed by a weight, and 
which extends itself in a greater or less degree as the 
weipht is heavier or lighter. 

Air is a fiuxd susceptible of compressant— This is a con- 
sequence of its elasticity. It is proved by experience, that 
a double weight compresses it in such a manner as to 
occupy only one half of its former volume ; a quadruple 
weight reduces it to a fourth part of that volume, and so 
on. So that it may be said in general that the same mass 
of air, the temperature remaining the same, occupies a 
volume which is in the inverse ratio of the compressing 
weight. 

Air expands by heat, and contracts bi/ cold. — This pro- 
perty of air may be proved alsij by a very simple experi- 
ment. Ill an apartment brought to a mean degree of heat, 
introduce air mto a bladder, but in such a manner as not 
entirely to fill it. If it be then brought near the fire, so 
as to be exposed to a degree of heat greater than the mean 
temperature, we see the bladder distend, and occupy a 
larger volume. By exposing it to colder air, a contrary 
effect is produced. 

j4ir is necessary for maintaining animal life. — This truth 



is well Icnown; It may be proved in the most evident man- 
ner^ by shutting iip animals in the receiver of an air pump : 
for as sooi) as you bojfp" ^^ exhaust it of air^ the animals 
^ow every sign of uneasiness; they pant for breath, and 
aè length expire, when only a small quantity of air remains. 
If the air be gradually re-admitted before they are quite 
dead 9. they recover life and motion. 

Air becomes charged with water ^ and combines with ii; 
as water J on the other handy becomes charged and combines 
with^air. — The first part of this proposition is sufficiently 
proved by facts, with which every one is acquainted. Air 
is sometimes more and sometimes less humid. Air charged 
with mobture deposits it in certain bodies, capable of at- 
tracting and absorbing it in a great degree ; such as salt 
of tartar, which becomes so much impregnated with it, that 
it resolves itself into a liquid, merely by the contact of 
common air, though it has been dried by a. violent heat. 
It is water, disengaged from the air with which it was com- 
bined, that occasions the moisture which deposits itself on 
stones, marble, &c, and during weather distinguished by 
the appellation of damp. The contact of the air alone 
gradually diminishes the water containec) in any vessel, 
especially if the air be in motion ; because a new portion 
of air is every moment applied to the surface of the water. 
It is by this mechanism that those winds which have passed 
over a large extent of sea, as is the case with our west and 
south-west winds, become charged wi|h water, and are 
mostly attended with rain. 

Water^ in its turn, becomes charged with air. This is 
proved by a curious experiment, made by Mariette. Take 
a certain quantity of water, and having freed it as much 
as possible from air, put it into a small bottle, leaving no 
vacuity in it but a space of the size of a pea : at the end of 
twenty-four hours the water will occupy the whole ca» 
pacity of the bottle. What can have become of the air^ 
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which was in the vacuity, if it has not been absorbed by 
the water, which was in contact with it ? 

This property, which air has of combining with water, 
.of even becoming saturated with it, and of afterwards quit^ 
Jting it, is the cause of various physical effects, such as the 
production of clouds and rain, the rising or falling of the 
barometer, &c. But these phenomena we shall explain 
more at length in another place. 

§ni. Of Water. 

The principal properties of this common and well knowa 
fluid are as follow: it is transparent, insipid, and inodor- 
ous ; it always tends to put itself in equilibrio, that is, to 
assume a form the surface of which is concentric with the 
earth, a property it possesses in common with all the other 
heavy and non-elastic fluids ; it is incompressible: can be 
reduced to vapour by heat, carried to a certain degree, 
•and in that state is endowed with a very great elastic force. 
When exposed to a certain degree of cold, it is transformed 
into a solid and transparent body : it dissolves salts and a 
multitude of other substances, and by these means it be- 
comes the vehicle of the nourishing particles both of ani- 
mals and vegetables, which renders it so essentially neqes- 
sary in the animal economy, that it is in some measure 
more difficult to live without water, or without some 
fluid of which it forms the basis, than without solid ali^ 
ment. 

Such are the properties of water, of which we shall here 
^ive a few proofs, till we come to another part of this 
work, where we shall have an opportunity of enlarging 
farther on the same subject. 

' It is needless to adduce any proof that water is tran^ 
parent, inodorous, and insipid. When this fluid possesses 
^ther taste or smell, it is because it holds in solution some 
foreign bodies. People ought therefore to be suspicious 



èf water which i» said to be agreeable to the taste, as it is 
certain that it is not pure. 

Heater always arranges itself in such a form that its sur- 
face i^ concentric xmth the farM.— Every body is acquainted 
with this property of water, ^hich it possesses in common 
with all the other non-elastic fluids, and which is the basis 
of the art of icTelling. When two masses of water com- 
municate with each other, we may rest assured that th^r 
surfaces are level, or at an equal distance from the centre 
of the earth. Those persons then are mistaken, who be- 
fierç that the water of the Mediterranean is more or less 
elevated than that of the Red Sea, at the bottom of the 
Guiph of Suezy which, as is said^ caused the plan for cut- 
ting through the isthmus to be abandoned, lest the Medi- 
terranean should run into the Red Sea, or the latter into 
the former. Nothing can be more absurd, since these two 
seas have a communication with each other by the ocean. 
Had they been originally created on a different level, 
they would not have failed soon to assume the same 
level. 

Witter is incompressible. — The members of the Academy 
éd Cvmento^ the first who it appears adopted the true me- 
thod of philosophizing, namely, by subjecting every thing 
to the test of experiments, made a very curious one, which 
proves this property of water. They inclosed a quantity 
of water in a hollow bail of gold, of a certain considerable 
thickness, taking care to ascertain that the cavity was com- 
pletely filled ; they then subjected the ball to the blows of a 
hammer, by which means itscapacity was diminished ; but 
the water, instead of suffering itself to be compressed, 
passed through the pores of the gold, though exceedingly 
SQsall. This experiment was repeated by Mr. Boyle and 
by Moscbenbroek, who both attest the truth of it. 
•. WiUer hxf a certain degree of heat is reduced into highbf 
elastic ^oapour. This truth may be proved also b^ very 
simple experiments. If a small quantity of water be thrown 
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Upon a strong fire, j-ou wiil immediately see it transformed 
into vapour. 

If water be kept in a state of violent ebullition in a close 
vessel, there arises from it an elastic vapour of so great 
force, that unless a vent be opened for it, or if tlie vessel 
be not sufficiently strong to resist its action, it will un- 
doubtedly burst: for this reason, in the boiler of the steam- 
engine there is a valve, which must be opened when the 
steam has acquired a certain force, otherwise it would be 
shivered to pieces. 

This vapour, according to the calculations made by phi- 
losophers, occupies a space 14000 times greater than the 
water which produced it. Hence arises the prodigious 
force it acquires when contined in a much less space. 

Water, when exposed to a certain degree of cold, is trans- 
formed into a solid transparent bodj/, which we call ice. This 
fact is ao well known, that it is needless to prove it. We 
shall therefore conBne ourselves to an explanation of this 
sinirular effect. 

It is fully proved, by the formation of ice, that the pri- 
mitive state of ivater was that of a solid body. It is a solid 
fused by a degree of beat far below ihat which, according 
to our sensations, we call temperate; for it would be a 
strange error to imagine, that what we call zero of the 
thermometer, is the ubscnce of all heat. Since spirit of 
wine, and various other liquors, reniainfluid at degrees of 
cold much greater than that which freezes water, it is evi- 
dent that the degree called zero, which is marked 0, is 
merely a relative term, the commencement of the (tvi- 
sion. 

Water then is only a liquified solid, which keeps itself 
in a liquid state at a degree of heat very little more than 
tliat marked O, on our common thermometers, and which 
in that of Fahrenheit is marked 32. The reason of this we 
shall explain when we come to speak of thermometers. 

Let us now take a short view of water in its solid state. 
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When heated to a certain degree, the matter of fire, with 
which it is then impregnated, raises up, and separates from 
each other, the moleculœ of which it is composed ; for as 
these moleculsB do no longer touch each other by so large* 
suriaces, though still within the limits of adhesion, tbey*^ 
easily run one over the other. Thus we have ice brought* 
to a state of fusion, as lead is by a heat of 226 degrees. 
The matter of fire escapes to diffuse itself in equilibrium 
in other bodies, which have less, for it is in this manner 
that cooling is effected ; these moleculae approach each 
other ; they come in contact by the small facets which they 
reciprocally present, thus adhere and form a solid body 
What is here said, in regard to the small facets of the par- 
ticles of water, seems to be proved by the ramifications of 
ice, for these ramifications, both in ice and in snow, are 
always formed under angles of 60 or 120 degrees; which 
indicate planes uniformly inclined. We shall enlarge far* 
ther, in another place, on this phenomenon, which depends 
on crystallization. 

It would be ridiculous, at present, to explain the forma- 
tion of ice by the supposed frigorifie particles, the exist* 
ence of which seems to rest on no foundation. Water 
freezes at a degree of heat which can no longer keep it in 
fusion ; for the same reason, and by the same mechanism,, 
that lead becomes fixed at a degree of heat less than 226 of 
Reaumur. But the same philosophers who, to explain the' 
congelation of water, have recourse to the frigorifie parti- 
cles diffused throughout the atmosphere, do not recur to 
them in the present case : they well know that the fixation 
of lead arises only from the particles, which the fire does 
not keep suflBciently separated, approaching each other* 
Why then should we recur to any thing else in regard ta 
the congelation of water ? 

It is indeed true, that in the congelation of water there> 
is one phenomenon exceedingly singular, which is, that 
irater decreagjgs in volume in proportion as it .coob^ at 
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least to a certain degree ; but at the moment wh«n ice if 
formed, this volume increases very sensibly; hence the phi- 
losophers above meniioneil conclude, that some t'oreigo 
matters, or their suppi^sed frigorifie particles, have been 
introduced into it. But we shall observe, 1st. That the 
case is the same with iron. 2d. That this is the effect of 
crystallization ; for we must here repeat, that the congela- 
tion of water is merely a crystallization, by which its mole- 
cul^e assume an arrangeuient which is determined by their 
primitite form. But this arrangement cannot be t:ffected 
without producing an increase of volume, as happens in 
regard to iron when it becomes fixed, or loses its fluidity, 
merely by the diminution of heat, which kept it in fusion. 
This will become more evident when we have explained 
the phenomena of crystallization. 

Water dissolves salts and a varietif of other substances, — 
Every one knows that all saline bodies, whether acids, al- 
kalis, or neutral suits, are soluble in water, in a greater or 
less cjuantity ; and a very singular phenomenon in this re- 
spect is, that water which holds in solution as much of a 
certain salt as it can contain, will still dissolve some other 
Nalt. But, for the most part, it abandons one of them 
when it becomes charged with the other, if it has a greater 
affinity for the latter. 

Of the other substances, which water dissolves, we shall 
mention in particular the gummy or mucilaginous part of 
animals or vegetable?, which forms the nourishment of the 
former. It is in consequence of this property, that water 
is so useful to the animal economy ; for the nutritive part 
of aliment must be dissolved and diluted in water, or some 
other fluid of the same kind, before it is swallowed, or this 
solution must be eff.;cted in tlie stomach after deglutition. 
Hence it is that water, in some measure, is the first aliment 
of man and of animals. It is not an aliment itself, but it is 
the vehicle of every thing that serves as aliment. 

Finally, water is the base of all the other aqueous fluids. 
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mch as spirits, oils, &c ; for water may be -extrai^ted'frbm 
all of tbem by a very simple process, namely distillation. 
Combustion produces the same effect by disengaging the 
matter purely aqueous. 

§IV. Of Earths. 

Earth is that part of compound bodies, which remains 
fixed after they are analyzed. When, by the action of 
fire, we have consumed or raised in exhalations the in* 
flammable part, have expelled or driven the air into the 
atmosphere, have raised the water in vapours, there re* 
mains a solid and fixed body, not farther alterable by fire, 
that is the elementary earth, the difierent kinds of which 
it is that commonly constitutes the nature of the mixture* 

It must indeed be acknowledged, at least till we arrive 
at a decomposition beyond that of die fixed body, that thia 
elementary earth is not all of the same kind ; contrary tù 
which, it is found that all water, all respirable air, is homo- 
geneottô : for where, by calcination, for instance, we have 
reduced a metal to calx, which is vitrifiable, that calx or 
earth is net necessarily homogeneous, neither €o another 
metallic calx, nor to caput mortuum, or to the earth of 
another body, as the calx of stone, or the earth of any ve^ 
getables or animal -calces. The proof of this is simple; for 
metallic calx being revivified by the addition of phlogts» 
ton, produces only the same metal which had given the* 
ealx ; and, by whatever way we proceed, the earth of any^ 
other compound will not yield a metal, however we mày^ 
combine it. This property of metallic calx, is the basi» 
of the art of separating the metals from the earths and- 
stones with which they are mineralized ; for as soon as their 
calces, Vitrijied by the violence of fire, come in contact 
with the carbonic matter, those of metals regain their me>^ 
tallk: form, and disengage themselves by their weight fron» 
the vitrified calces of the other heterogeneous bodies widli' 
which they were confounded^ 
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It has been usual to distinguish earths into calcareous, 
vitrifîable, antl refractory. Calcareous earths are thoso 
which, burned in the fire, reduce into a calx. The pro- 
perties of this calx are well known, the principal charac- 
teristic of which is that of attracting and absorbing mois- 
ture violently, and of effervescing with water. But it 
is not necessary to subject them to that test to know 
thetn : they are easily distinguished by exposing them to 
tbe action of any gentle acid. Calcareous earths dissolve 
with more or less effervescence ; whereas other earths suf- 
fer no dissolution. 

VitriBable earths are those which, exposed to a fire more 
or less active, sufier a fusion, and become more or less 
fluid. 

The refractory earths, are those on which the most vio- 
L lent heat excited in our furnaces produces no effect or al- 
''Icration. 

We say the most violent heat excited in our furnaces; 
for perhaps, if all the earths are not found to be vitrifiable, 
this happens only because we have not been able to pro- 
duce a sufficient degree of heat. In fact, in proportion as 
we have succeeded in producing more considerable de- 
grees of heat, we also are able to vitrify materials which 
1 resisted the former degrees of fire. But it is a re- 
I Biarkable circumstance, that some earths which separately 
Î unfusible, on being mixed together become fusible and 
r titrifiable. Thus, for example, calcareous earth, mixed 
I with argil, runs and becomes glass. Usually, metallic 
raiatters, mixed either with calcareous earths, or with re- 
Edbactory, as pure argil, communicate to tbeni also fusibili- 
1 ^, which these have not separately. 

r We shall limit ourselves here as to what might be said 
concerning the elements; what has been now said being 
the most solid and best proved part of tlie subject. We 
«hall now pass on successively through all the branches of 
physics, in selecting what they ofler the most curious and 
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iM6riBstihg. We have already said we shall hardly regard 
xnnch order in these observations : from the bowels of the 
earth, we shall sometimes suddenly raise ourselves to the 
upper regions of the atmosphere ; from a problem in the 
celestial physics, we shall pass to a question in mineralogy. 
We shall treat apart on electricity, on magnetism, and on 
chemistry, because these branches of philosophy are ex* 
tremely fertile in curious experiments, and present each 
of them materials enough for separate treatises. 

PROBLEM I. 

Omstruetim of the Pneumatic Machine , or Air Pump, with 
a» account of the principal experiments m which it is 
employed. 

' Air being an elastic fluid, it may be easily conceived 
ÛM if it be shut up in a close vessel, and if to tliis vessel 
be adapted a pump, made to communicate with it, when, 
the pistcMi is drawn up, the air contained in the vessel will, 
enter the body of the pomp. If the communication be« 
tween the vessel and the body of the pump be then inter* 
cepted, and if that between the latter and the external aif 
be opened, by pushing down the piston, the air contained 
in the body of the pump will be expelled. If the commiK 
nication between the body of the pump and the e^ttemal 
air be then shut, and that between the body of the pump 
sod the vessel be opened, when the piston is drawn up, the 
air in the vessel will again rush into the body of the pump; 
Mid 1^ thus repeating the same operation as before, the 
whole air contained in the vessel will be evacuated. If the 
bcdy of the pump be equal, for example, to the capacity 
of the vessel with which it communicates, the first opera* 
don will reduce the air to one half of its density ; the se- 
eond to the half of that half, or to a fourth, and so on 19 
SQCcesûon : hence a very few 8trokeii*of the piston will re-* 
- tox. IV. c 



duce the air contained in the vessel to a very great degree" 
of tenuity. 

Such is the mechanism of the air pump, of which the 
following is a more minute description, ab, pi. I fig. I, 
is a cylindric pump or barrel, In which the piston d is 
made to play by means of the branch or handle dc, having 
at its extremity a stirrup for receiving the foot, by means 
of which it can be forced downwards. The body of the 
pump is fitted into a collar from which proceed three or 
four branches that form a sort of stand. From the top of 
the pump A there arises a tube, about an inch in diameter, 
to the upper part of which is adapted a cirtyitar plate, with 
a small raised border or rim around it. On this plate is 
placed the receiver, in the form of a bell. The small tube 
above mentioned, which serves to establish a communica- 
tion between the vessel and the body of tlie pump, gene- 
rally passes through this plate, and has a screw at the end, 
in order that the tube of another vessel, such as a bell or 
small balloon, from which it is required to evacuate the air, 
may be screwed upon it. Beneath the plate, and between 
it and the body of the pump, is a stop-cock i, so con- 
structed that, by turning it to one side, a communication 
is estahlisiied between the body of the pump and the re- 
ceiver, while all communication is prevented between it 
and the exterior air ; and by turning it in a contrarj' di- 
rection a contrary effect is produced. Such is the form of 
the pneumatic machine ; at least of certain simple kinds of 
it, for there are others more complex. One kind, for ex- 
ample, consists of two cylinders, the pistons of which are 
alternately worked by means of a crank; so that one of 
them alivays becomes 6lled with air from the receiver, 
while the other throws out into the atmosphere the air it 
contained. But it is needless to enter into these details: 
those who are desircAs of seeing the newest improvements 
in regard to air pumps, may have recourse to the different 



treatises oniiatardl philosophy, where they will find a de* 
scriptiôn and figures of the different additions made to this 
nlaichine by mechanics and philosophers, to render thé use 
of it more* convenient or more general. 

By Combining this description with what has been said 
in regard to the air, it will be easy to conceive in what 
niâiiner this machine is employed. When a bell-formed 
receiVer is tised, a piece of oiled leather, with a hole in the 
middle of it to afford a passage to the tube h, is sometimes 
placed on the plate fo. This wet leather causes the con* 
tact of the ^ges of the receiver to be more exact, than if 
it rested on metal ; for some aperture or cleft would often 
remain, through which the exterior air would introduce 
itself. The receiver is then placed upon thç plate, with 
ornvithout the leather, and the cock is turned in such a 
nmmer as to open a conmiunication between the body of 
tbe^icmlp and the receiver. The piston, which we sup- 
po6e\râiMl up to the top, is then forced down by pressing 
die'foot on the stirrup, and when it is as low as possible 
tbapock is turned in such a manner as to intercept the 
first' communicajbion, and establish that between the body 
of the pubcip and the exterior air; the piston being then 
raised, theuir in the body of the pump is expelled, and 
the cock. is turned in the contrary direction which shuts 
dœ second .communication, and opens the former; the 
piston is then forced down again, and the same effect takes 
phKâe«' Or the pump is otherwise worked in the manner 
peculiar td its form and construction. Every stroke of the 
pniDip: expels a portion of the air originally contained in 
the receiver, and in à decreasing geometrical progression. 
Tlma-, for^exaqiple, if the body of the pump is equal in 
capacity to the receiver, the first stroke of the piston will 
eitpel one half of the air contained in the receiver; thé se* 
coad will expel the fourth part ; the uiird the eighth part ; 
tbftfourth the sixteenth part, &c ; so that it may with truth 

c2 
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be said that it can never be entirely evacuated ; but after 
fourteen or fifteen strokes of the piston, it will be so rare- 
fied, that there will remain only a part infinitely small; 
for, on the above supposition, the quantity of air remain- 
ing after the first stroke of the piston will be J, after the 
second }, after the third ^, and so on ; after the fifteenth, 
tlien, it will be only the 32'76Sth part, which in general a 
equivalent to a perfect vacuum, for experiments such as 
those that are usually made. 

After these observations on the form and use of the pneu- 
matic machine, we shall proceed to a few of the most cu- 
rious experiments. 

EXF&niMENT I. 

Place on the plate of the machine a receiver in the form 
of a l>elt : if you try to remove it, you will experience no 
resistance ; but if you give only one stroke with the pis- .. 
ton, it will adhere to the plate with considerable force; 
after 2, 3, or 4 it will adhere with more force ; and after 
18 or 20 with the force of several hundred pounds weight. 
If the base of the receiver be, for example, a circle a foot 
in diameter, the adhesive force will be about 1617 pounds. 
This experiment is a proof of the gravity of the air of 
the atmosphere ; for the air is the only body which, by 
pressing on the receiver, can produce the adhesion expe- 
rienced. When the air under the receiver is as dense as 
the external air, there is no adhesion, the air within and 
without being then in equilibrio with each other; but when 
that within is evacuated, either in whole or in part, the 
I equilibrium is destroyed, and the external compresses the 
1 Kceiver against the plate on which it rests, with the ex- 
cess of the weight it has over the force of the internal air. 
It will be found that this force is equal to that of a cylinder 
of water 33 feet in height, and having a base equal to that 
of the receiver. It was by these means that we found the 
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result of 1 6 17 pounds ; for a cylindric foot of water weighs 
49 pounds; coDseqàently d3 feet weigh 1617. 

• I - 

BXPEBIMSNT II. 

. Place under a receiver an apple, miieh shrÎTelled, ci a 
iFatfjr S|MK»d bladder, in which there remains but a small 
^piaatky of ait. If the receiver be then exhausted, yott 
will see the skin of the apple become distended, so that it 
will as8u||ie almost the same form, and have as fresh an 
appearance, as it had when plucked from the tree. The 
Uidder will^ in Uke manner, swell up, and may even be 
^wteadéd to such a degreie as to burst. When the air iii 
fe^mitted into the receiver, they will both resume their 
^Mrmer contracted state. 

We have here an evident proof of the elasticity of the 
Wltm While the wrinkled apple or flaccid bladder is im^ 
mersed in atmospheric air, its weight counteracts the elastic 
faice of the air «ontidned in both; but when the latter is 
freed from the weight of the fo(mer, its elasticity begins to 
àet, and by these means it distends the sides of the vesMi 
whieh contains it. When the air is re-admitted, the elas- 
ticity is counteracted as before, and the apple and bladder 
tbeir former shape. 



SXPXBIMBMT III. 

;^ Plaoe mider the receiver a small animal, such as a cat, or 
I^Hloiiiie, ftc. If yon then pump out the air, you will imh 
iMdiatdy see the animal become troubled, swell up, and 
%Bt tength wpire, distended and foaming at the mouth» 
^nese phenomena are the effect of the air contained in the 
iBimid*s body, which being no longer ccmipressed by the 
external air, exercising its elasticity, it distends the memjc» 
iMMij and throws out the humoori which it meets with 
te iii way» 
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EXPERIMENT IV. 



If buUerfiies or common flies be placed nnder the re* 
ceirer, joa will see them fly about as long as the air con- 
tained in the nsachine is similar to the external air ; but as 
soon as jou have given a few ^rokes with the piston, th^ 
will in vain make efforts to rise, as the air has become too 
moch rarefied to support them. 

BXPERIlf ENT Y. 

' Adapt to a flat bottle a small tube, so coosbruded that 
it can be screwed upon the end of the tube, which rises 
abbve the plate of the machine. On the second or even 
the first stroke of the piston, you will see the bottle bunt; 
ibr this reason it ought to be covered with a piece of wire 
netting, to prevent the fragments of it from doing miscbitf 
by flyii^ about. 

The saume efiect is not produced on a receiver, because 
its spherical form gives it strength, in the sanse manner as 
«n arch, to resist the pressure dF the exterior air. 

m 

EXPERIMENT VI. 

Provide a small machine consisting of a bell and hammer, 
the latter of which can be put in motion by wheel work, 
so as to strike the bell and make it sound. Wind up this 
small machine, and having put it in motion, place it bdow 
ÛÈft receiver, and exhaust the air. As the air is exhausted, 
yon will hear the sound of the bell always become weaker; 
and if you continue to exhaust the air, the sound will at 
length cease entirely, or be scarcdy heard* On the other 
hand, if you begin to readmit the air, the sound will be re» 
vived, and will increase more and more. 

This experiment, which we have mentioned in another 
I^ace, folly proves that air is absolutely necessary for the 
transmission of sound, and that it is the vehicle of it« 



AIR PTJMP. 5K3 

BXPSRIMENT VII. 

Provide a receiver with a hole in the top, and through 
this aperture introduce the tube of a barometer, so that the 
bulb shall be in the inside of the receiver: then close the 
remaining aperture with mastic, or with a metaï plate, so^ 
as to exclude the external air. Place the receiver thus pre* 
pared on the plate of the instrument, and begin to exhaust 
it of air. On the first stroke of the piston you will see the 
mercury fall considerably: a second stroke will make it 
still fall, but a quantity less than the former ; and so on in 
a decreasing proportion. In short, as the air in the re* 
ceiver becomes less, the mercury will descend more and 
.^nore towards the level of that in its bason. 
•■ 

EXPERIMENT VIII. 

Provide two hollow hemispheres of brass or copper, two 
feet in diameter, more or less, with very smooth edges, so 
that they can be fitted to each other, in such a manner aa 
to form a hollow globe. To one of these hemispheres let 
there be adapted a tube passing into the inside of it, fur« 
nished with a stopcock, and constructed in such a manner 
that it can be screwed on the end of the tube h of the 
pneumatic machine. Each of these hemispheres must have 
affixed to it a ring, or handle, by one of which the globe 
can be suspended, while a weight is attached to the other. 
* When these arrangements are made, adapt the two con- 
cave hemispheres to each other, so that the edges may be 
in perfect contact. Screw upon the end of the tube h of 
the pneumatic machine, the end of that which communi- 
cates with the inside of the globe, and exhaust it of air as 
much as possible, by forty, fifty, or more strokes of the 
piston. Then shut the communication between the inside 
of the globe and the external air, by turning the stop- 
cock, and remove the globe from the machine. If you 
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then suspend the globe by one of the rings, and' attach a 
considerable weight*ta the other, you will find that the 
weight will not be able to separate the two hemisphettes. 
If the globe indeed be two feet in diameter, and well ex-* 
hjijusted of air, the force with which the edges are pressed 
together, will be equal to about 6500 pounds. 
. This is what is called the celebrated experiment o£ 
Magdeburgh, because first made by Otto Guerik, a burgo» 
master of that town. He applied to the globe severai 
pairs of horses, some dragging in one direction and some 
lA «sotber, without their being able to separate the twa 
bamispheres: and in this there is. nothing astonishing, for 
ttiough six horses draw a waggon, loaded with a weight 
equal to several thousand pounds, it is well kttown that^ 
one with another, they do not exert a continued e£Fort 
greater than about 180 pounds, and, dragging by jerks, 
their exertion does not exceed perhaps 4 or 500 pounds» 
Tbee£Fort of six horses, therefore, is equal to no more than 
3000 pounds* Wesshall even suppose it to be 4 or 5000 
pounds i but if the six horses 4ilraw in different directions^ 
they do not double that force; they only oppose to the 
first the resistance necessary to make it act, and do no* 
thing more than what would be done by a fixed obstacle 
to which the globe might be attached. It needs therefore 
excite no surprise that, in the experiment of Magdeburgb,, 
twelve horses were not able to disjoin the hemispheres;, 
for according to this disposition, these twelve horses were 
equivalent only to six ; and it has been shown that the. 
effort of these six horses, according to the above calcula», 
tion, was very inferior to that which they had to over*, 
come» 

PROBLEM II. 

To invert a glass fiUl of water, withotU spilling it» 
Poqr water or any liquor into a glass, till it is fuU to. 
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fS» èà^^ and place o?er it a square bit of pretty strong 
paper, so as to cover tbe mouth of it entirdy ; and above 
the paper place any smooth body, soch as tbe bottom o£ 
a plate, or a piece of .glass, or even your band. If you 
then invert the whole, and afterwards raise it up, you will 
see the paper adhere to the glass, and the water will np^ 
All out. , - 

This effect is produced by the gravity of the air; for as 
the air presses on the paper, which covers tbe mouth of 
tbeglass, with a weight superior to that of the water, it must 
neeessarily «ipport it. But as the paper becomes moist^ 
aiid affords a passage to tbe air, it at length suddenly falh 
down. 

Bbmaekv— -In consequence of the same principle, wateft 
or any other liquor may be drawn from a vessel, by meana 
of a pipe open at both ends. For, let ab, pi. 1 fig. 2,lie 
a tube, thick in the middle, and tapering towards both 
ends, which terminate in two pretty narrow apertures^ 
Immerse it in any liquor with both ends open until it is 
foil ; and then place your finger on the upper end, so aa 
to close tbe aperture ; if you then draw it from the fluid, 
the liquor it contains will remain suspended in it, thoughF 
ibe lower end be open ; and it will not flow out till you^ 
rénove jrour finger from the upper orifice. 

Instead of employing a tube like that above described,^ 
you may use a vessel, such as hb^ fig. 3, made like a bottley 
and baving its bottom pierced with a great number of 
small boles. If you immerse this vessel in water with the^ 
bottom. downwards, the liquor will enter through the hole» 
and fill it ; and if you then place your finger on the mouth 
of it, and draw it from the fluid, the water will remainf 
suspended in it as long as your finger continues in that 
situation ; but as soon as it is removed, the water will run 
out. 
' Thin is wbit ia called the clepsydra or watering pet ol 
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Aristotle : but neither Aristotle, nor any of those philoscv 
phers who followed him, till the time of Torricelli, assigned 
a better reason for this effect, than the horror which na- 
ture, as they said, bad of a vacuum. 

PROBLEM III. 

To draw off all the liquor contained in a vessel, by means of 
a syphon. 

The name syphon is given to a tube or pipe, consisting 
of two branches, ab and cd, pi. 1 tig. 4, united bj a 
crooked part bc. Whether this part be straight or bent 
is of no importance. It has sometimes an aperture which 
serves for filling the two branches, or for sucking up the 
liquor in which the shorter branch is immersed, while the 
other is shut. It is employed in the following manner, for 
solving the problem proposed. 

Having filled the two branches of the syphon with liquor, 
close them with your fingers, and immerse the shorter one 
in the vessel, so that the end of it shall almost touch the 
bottom ; then remove your finger from the end of the 
longer branch, which will be lower than the bottom of 
the vessel to be emptied, and you will see the liquor run 
out at the extremity d of this branch, till the x-essel is 
entirely emptied. Or the syphon may be fillfid and set a- 
running after it is placed in the liquid, by sucking the air 
out at the lower end with your mouth. 

This phenomenon is also an effect of the gravity of the 
air : for when the syphon is full of liquor, and placed as 
above described, the air by its weight exercises a pressure 
on the surface of the liquor to he emptied, and at the same 
time on the orifice of the lower branch. The latter pressure 
indeed is for this reason somewhat superior to the former; 
but as this branch is full of a liquor heavier than air, the 
advantage must be hi its favour, and the column ought to 
fall down. At the same time the air pressing on the sur- 
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*£i(^ of the fluid in the vessel, forces the liquor into the 
branch of the syphon immersed in it ; which furnishes a 
new supply to the longer one, and so on in succession, till 
the whole liquor is exhausted. 

Remarks.— I. All the wine contained in a cask might 
easily be drawn off in this manner by the bung-hole ; and 
this indeed is the method eniployed in some places for 
transferring liquor from one cask to another, without 
disturbing the lees, which are at the bottom, 

II. By the same means, water may be conveyed from 
any place to another on a lower level, making it pass over 
an obstacle higher than either, provided the place which 
the water has to surmount is not higher than 32 or 33 feet 
above the level where it begins to ascend ; for it is well 
known that the gravity of the atmosphere cannot support 
a column of water greater than 32 or 33 feet. It is even 
necessary that the obstacle should be several feet less in 
hdght than 32 feet above the level of the water to be raised, 
otherwise the water will move in a very slow maimer, un- 
less the orifice of the longer branch be much lower than 
that level; 

This is a very economical kind of pump, and might be 
employed to convey water from one place to another when 
it is impossible or inconvenient to pierce an intervening 
obstacle, to establish a pipe of communication. As we 
have never made the experiment, we cannot venture to 
give this as a very certain method, on account of the air 
which might lodge itself at the summit of the bending of 
the pipe. 

It is on the property of the syphon also that the follow- 
ing hydraulic amusements depend. 

PROBLfiM IV. 

To construct a vessel which, when'jUled to a certain height 
with any liquor ^ shaU retain it; and which shaU sujfer the 
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. whole to escape, whenfiUed with the same liquor to a height 
. tver so little greater. 

Those who may be desirous of giving to this small 
hydraulic machine a more mysterious air, add to it a small 
figure, which they call Tantalus, because in the attitude 
of drinking ; but as soon as the water has reached its lips, 
it suddenly runs out. The constrnctioa of this machine 
is as follows. 

Let there be a metallic vessel abce, pi. 1 fig. 5, divided 
into two parts by a partion f^i in the middle of this parti- 
tion is a small round hole, to receive a tube ms, about two 
lines in diameter, the lower orifice of which must descend 
a little below the partition. This tube is covered by an- 
other somewhat larger, closed at the top, and having on 
one side, at the bottom, an aperture, so that when water ia 
poured into the vessel, it may force itself betiveen the two 
tubes, and rise to the upper orifice s of the first. Thift 
mechanism must be concealed by a small figure in the atti- 
tude of a mau stooping to drink, and having its lips a 
little above the orifice s. 

If water be poured into this vessel, as soon as it reaches 
the hps of tlie figure, being above the orifice s, it will 
begin to run oflT; and a kind of syphonic motion will take 
place, in consequence of which the whole of the water 
will run into the lower cavity, which ought to have in the 
side, towards the partition, an aperture to let the air 
escape at the same time. 

This hydraulic machine might be rendered still more 
agreeable, by constructing the small figure in such a 
manner, that when the water has attained to its utmost 
height, it shall cause the figure to move its head, in order 
to approach it ; which would represent the gestures of 
Tantalus, endeavouring to catch the water to quench his 
thirst. 
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FSaBLEM v. 

Cmstmction of a vessel which while standing upright re-- 
tains the liquor it contains ; but which ^ inclined^ as for 
the purpose of drinking^ immediately suffers it to escape* 

]Piefce»ho}e io the bottom or side of the vessel to whicli. 
you ave desirous of giving this prop^ty» and insert în it 
the longer branch of a syphon, the other extremity of. 
which must reach nearly to the bottom, as seen pL 1 fig. 6.. 
Tbeu fin the vessel with any liquor, as far as the lower side , 
of the bent part of the syphon : it is evident that when iQ<^. 
dined, and applied to the mouth, this movement wiU. 
caiise.tfae surface <^ the water to rise above the bending» 
and from the nature of the syphon the liquor will then- 
begin to flow off; and if the vessel is not restored to ita. 
former position will continue doing so till it becomea 
empty. 

Tim artifice might be concealed by means of a double . 
cupy as it i4ppears fig. 7; for the syphon ofo, placed be- 
tween the two sideS| will produce the same effect. If the > 
vessel be properly presented to the person whom you are 
deéifous of deceiving, that is to say in such a manner ai' 
to asake him apply his lips to the side b, the summit of the 
syphon» the inclination of the liquor will cause it to rise* 
sdbeve that summit, and it will immediately escape t c. 
Those persons however who are acquainted with the art!-* 
fice will apply their lips to the other side, and not meal 
with the same disappointment. 

'PBOBLEM VI. 

Method of constructing a fountain, which flows and stopo^ 

alternately. 

This fountain, the invention of M. Sbermius, is exceed* 
ingly ingenious, and afibrds a very amusing spectacle, be->( 
cause it seems to flow and to stop at command. It depends- 
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on the operation of a syphon, which, by the peculiar 
mechanism of this machine, is sometimes obstructed and 
sometimes left free, as will appear by the following de- 
scription. 

AB pi. 2 fig. 8, is a vessel shaped like a drum, and close 
on all sides, except a hole in the middle of the bottom v, 
into which is soldered a tube cd, open at both its extremi- 
ties c and d; but the upper one c ought not to touch the 
top of the cylinder, in order that the water may have a 
free passage. When this vessel is to be filled, it must be 
inverted, and the water is then introduced through the 
aperture d, till it is nearly full. 

' From the centre of the bottom of a cylindric vessel, oh, 
somewhat larger, rises a tube de, a little narrower, so that 
it can be fitted exactly into the former. Its height also 
ought to be somewhat less; and its summit e must be 
open. These two tubes, cd and ed, have two corre- 
s{K>nding holes, i^ «, at an equal height above the bottom 
of the lower vessel, so that wheti the one tube is inserted 
into the other, the holes may be made to correspond, and 
establish a communication between the external air and ' 
that in the upper vessel. Lastly, there must be two or 
four holes, as k, l, in the bottom of the vessel ab, through 
which the water may flow into the lower vessel oh ; and 
in this vessel also there ought to be one or two holes, m, 
N, of a smaller size, through which the water may escape 
into another large vessel placed below the whole appa- 
ratus. 

To make the machine play, pour water into the vessel 
AB, till it is almost entirely full ; having then stopped the 
fripes K and l, introduce the tube de into cd, so that the 
vessel G H shall serve as a base, and make the two holes i 
ajnd t correspond with each other; if the holes or pipes k and 
L be then unstopped, as the external air will have a com- 
munication, by the apertures i, t, with that which is above 
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the water in the vessel ab, the water will flow readily iota 
the vessel gh: but the quantity which escapes from oa- 
being less than that which falls from the upper vessel ab, 
it will soon rise above the apertures i, i, and intercept the 
communication between the external air and that at the 
top of the vessel ab; consequently the water will soon 
after cease to flow* But as the water will continue to 
flow from the lower vessel while no more falls into it from 
the upper one, the apertures i, i, will soon be uncovered^ 
and the above communication will be re-established : the 
water therefore will again begin to flow through the pipes 
K andL, and, rising above the apertures i, «, will soon after 
begin to escape again; and thiâ play will take place at 
ternately, till no more water is left in the vessel ab* 
. The time when the air is about to be introduced through 
the apertures i, i, into the top of the vessel ab, will be 
known by a small gurgling noise; and at that moment 
you must command the fountain to flow.. When you see 
the water begin to sink below the same apertures i, i, you 
must command it to stop. Hence the name given to this 
machine, the fountain of command. ' 

PBOBLEM VII. * 

How to construct a clepsydra^ which indicates the Iwurs by 

the uniform efflux of water. 

We have shown, in the mechanics, that if a vessel has a 
hole in its bottom, the water flows out faster at first than 
it does afterwards, so that if we wished to employ the 
efflux of water to indicate the hours, as the ancients did, it 
would be necessary to make the divisions very unequal ; 
because, if the whole height were divided into 144 equal 
parts, the highest, if the vessel were cylindrical, ought to 
contain 23, the second 21, 8cc, and the last only 1. 

Are there any means then of causing the water to flow 
off in a uniform manner ? This is a problem which natu- 
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rally presents itself in consequence of the preceding obser- 
vation. We have already solved it in mechanics, by show- 
ing ivliiit form ought to be given to the vessel, that the 
efflux of the water through a hole in its bottom may be 
uniform. But we shall here give a more perfect solution, 
as it is equally exact whatever may be the law of the re- 
tardation of the velocity of the water. 

This solution is founded on the property of the syphon, 
and is veiy old, ance it was described by Hero of Alex- 
andria. It is as follows. 

Provide a syphon abc pi. 2 6g. 9, and affix to the shorter 
branch ab a piece of cork, capable of keeping the whole 
sj'phon in a vertical situation, as seen in the figure. When 
this apparatus is made to play, and the water begins to 
flow off through the longer branch, it will continue to 
escape witli the same velocity, whatever may be the height 
of the water : for, in this machine, the efflux takes place in 
consequence of the inequality of the force with which the 
atmosphere presses on the surface of the liquid, and on 
the orifice of the longer branch; since the syphon then 
sinks down as the surface of the liquid falLs, it ts evident 
that the velocity of its efflux will be uniform. 

If the height of the vessel de be therefore divided into 
equal parts, these divisions will indicate equal intervals of. 
time. To render this clepsydra mure curious, the branch 
AB might be concealed, by a small light figure made to 
float on the surface of the water in the vessel, and indicat- 
ing the hour with a rod, or its finger, on a small dial 
plate. 

On the other hand, the water might be made to flow 
from any vessel whatever, through a similar syphon, into 
another vessel of a prismatic or cylindric form, from which 
might arise a small figure floating on the water, to indicate 
the hour as above described. 
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PROBLEM VIII. 

tFAatis the greatest height to which the Tower of Babel 
could have been raised, before the materials carrisd to the 
summit lost all their gravity ? 

To answer this mathematical pleasantry, which belongs 
as much to the physical part of astronomy as to mechanics, 
we must observe : 

1st. That the gravity of bodies decreases in the inverse 
ratio of the squares of their distance from the centre of the 
earth. A body, for example, raised to the distance of a 
semi-diameter of the earth above its surface, being then at 
Ae distance of twice the radius, will weigh only ^ of what 
it weighed at the surface. 

2d. If we suppose that this body partakes \Htb the rest 
of the earth in the rotary motion which it has around its 
axis, this gravity will be still diminished by the centrifugal 
force ; which, on the supposition that unequal circles are 
described in the same time, will be as their radii. Hence 
at a double distance from the earth this force will bcf 
dbuble, and will deduct twice as much from the gravity 
as at the surface of the earth. But it has been found, that 
under the equator the centrifugal force lessens the natural 
gravity of bodies -^^^ P^^* 

3d'. In all places, on either side of the equator, the cen- 
trifugal force being less, and acting against the gravity in 
an oblique direction, destroys a less portion, in the ratio 
of the square of the co-sine of the latitude to the square of 
radius. 

These things being premised, we may determine at what 
height above the surface of the earth a body, participating 
m its diurnal motion in any given latitude, ought to be to 
have no gravity. 

But it is found by analysis.that under the equator, where 
the diminution of gravity at the surface of the earth, oc* 
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emptoyod by a betvy body in falling to the centre of the 
earth. 

Bat it i$ much more probable that a body, proceeding 
along the radios of the earth, would lose its grarity, as it 
approached the centre ; for at the centre it would have no 
gravity at all ; and it can be demonstrated, supposing the 
density of (he earth to be uniftmn, and that attraction is 
in the inverse ratio of the squares of the distances, that the 
gravity would decrease in the same proportion as thé 
distance from the centre. The problem therefore must be 
solved in another manner, founded on the following pro- 
posttioD demonstrated by Newton : 

If a quadrant be described with a radius equal to that 
of the earth, an arc which has 16-^ feet for versed sine, 
will be to the quadrant, as 1 second employed to pass over 
in Sailing these 16-^ feet, is to the time employed to fidl 
through the whole semi-diameter of the earth. 

But an arc of the earth corresponding to 161!^ feet of 
taUp or versed sine, is 4<' 16'' 5'^'; and this arc is to the 
quadrant, as i to 1265*2. Consequently we have this pro-» 
portion, as 4' 16" 5'" are to 90*, or as 1 to 1265*2, so is 1 
second, employed in falling 16-^ feet at the surface of the 
earth, to 1265^ 12(^, or 2l' 5" 12^'. This will be the time 
employed by a heavy body in falling from the surface of the 
earth to the centre, according to the second supposition, 
which is more consistent with the principles of philosophy 
than the former. 

PBOBLEM X. 

What would be the consequence y should the moon he suddenly 
stopped\in her circular motion^ and in what time would 
she fidl to the earth f 

As the moon is maintained in the orbit which she de« 
scribes around the earth, only by the effect of the centri* 
ft^ force wMch arises from her circular motion, and 
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which counteibalaiices lier gravitation towards the earthy 
it is evident that, if the circular motion were aiiniliilated, 
the centrifugal force would be annihilated also ; the moon 
then would be abandoned to a tendency towards the earth, 
and would fall upon it with accelerated velocity. 

But this motion would not be accelerated according to 
the law discovered by Galileo ; for this law supposes that 
the force of gravity is uniform, or always the same. In 
the present case the gravity of the moon toward*lhe earth 
would vary, and be increased in the inverse ratio of the 
square of the distance, according as she approached the 
centre ; which renders the problem much more difficult. 

Newton however has taught us the method of solving 
it: this philosopher has shown, that this time is equal to 
the half of that which the same planet would employ to 
make a revolution around the same central body, but at 
balfher present distance from it. Now it is well known that 
the lunar orbit is nearly a circle, the radius of which is equal 
to 60 semi-diameters of the earth, and her revolution Is 21 
days 7 hours 4'i minutes*; hence it is found, by the cele- 
brated rule of Kepler, that if she were distant from the 
earth only 30 of its semi-diameters, she would employ ia 
her revolution around it no more than 9 days 15 hours 51 
minutes. Consequently her scmi-r evolution would be 4 
days 19 hours 55è minutes, which is therefore the time 
the moon would employ in falling to the centre of the 
earth. 

Heuahk. — If we examine, by the same method, in what 
time each of the circumsolar planets, under the like cir- 
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CHmstances, would fall into the sun, it will be found 
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WAai would be the grcevUy of the body transported to the 
surface of the sun^ or any other planet than the earthy in 
eqmpqrison of that which it has at the surface of our 
giobe^ 

* ^It can be demonstrated, to all those capable of com- 
prehending the proofs, that the gravity of a body at the 
surface of the earth, is nothing else than the tendency of 
tfaht body towards every part of the earth ; the result of 
which must be a compound tendency passing through the 
c&btre, provided the earth be a perfect globe, which we 
here suppose, on account of the small difference between 
its figure and that of a sphere. It can be demonstrated 
also, that as attraction takes place in the direct ratio of the 
masses,'and the inverse ratio of the square of the distances^ 
a' particle of matter placed on the surface of a sphere, 
which exercises on it a power of attraction, will tend to* 
wards it with the same force as if its whole mass were 
united in its centre. . 

It thence follows, that if we suppose two spheres, un* 
equal both in their diameters and masses, the gravity of 
the particle on the one, will be to that of the same particle 
on the other, in the compound ratio of their masses taken 
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directly, and of the squares of tbeîr semi-diameters t^ei 
inversely. 

But it has been demonstrated by astronomical observa- 
tions, that the sun's semi- diameter is equal to about 1 1 1 of 
tbe earth's semi-diameters, and that his masâ is to that of 
, tbe earth, as a+1908 to 1 : the gravity then of a body at 
the surface of the sun, will be to that of the same body at 
the surface of the earth, in the compound ratio of 311908 
to I, and of the inverse of the square of 111 to 1, that is 
of 12321 to 1. 

If the number 341908 be therefore divided by 1S32I, 
yre shall have 27^ nearly ; consequently a body of a pound 
weight, transported to the surface of the sun, would weigh 
il^ pounds. 

But we shall endeavour to illustrate this subject by a 
I jeasoning still simpler. If tbe whole mass of tbe aun, 
I vhich is 341908 times as great as that of the earth, were 
I «wmpressed into a globe equal in size to the earth, tbe 
[ body in question, instead of weighing one pound, would 
I Vcigb S4I908. But as the surface of the sun is 111 times 
I )u far from bis centre as that of the earth is from its 
f centre, it thence follows that the above weight must be 
L diminished in the ratio of 12321, or of the square of 111, 
L Id the square of unity ; that is, we must take only the 
I lS321st part of the weight above found, which gives the 
I preceding result, viz. 27|. 

By a similar reasoning it will be found, that a body of 
r ^ pound weight carried to the surface of Jupiter, would 
«'eigh 3VW pounds; to that of Saturn l^and to that of the 
Bioon only 3 ounces. 

The masses of Mercury, Venus, and Mars, cannot be 
ascertained; because no bodies circulate around them, 
and .therefore the problem cannot be solved in regard to 
them. 
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PROBLEM XII» 

To construci a fountain which shall throw up water by the 

compression of the ^r. 

Let there be a vessel, a section of which is represented 
pi. 2 fig. 10, namely composed of a cylindric pedestal or 
parallelopipedon, crowned with a kind of cup faed. This 
pedestal is divided, by a partition no, into two cavities, 
the lower one of which must bo somewhat smaller than 
ÛMt other. 

A tube 6H, passing through the partition, reaches nearly 
to the bottom cb ; while another tube lm has its upper 
orifice near the bottom of the cup, and its lower m near 
the partition no. A third tube ik, which, like the first, 
passes through the bottom of the cup, tapers to a point at 
the upper end, and with the other reaches nearly to the 
partition. 

. When the vessel has been thus constructed, ppur water 
into the upper cavity, through a lateral hole, till it reaches 
aearly to the orifice l of the tube ml ; then carefully stop 
the lateral hole, and pour water into the cup; this water, 
flowing into the cavity nb, will compress the air in it, and 
will force it, in part, to pass through ml into the space 
above the water in the upper cavity, where it will be more 
and more condensed, and force the water to spout out 
through the orifice i, especially if it be some time con- 
feied, either by keeping the finger on the orifice i, or by 
Beans of a small stopcock, which can be opened when 

Becessary. 

Remarks.— I. This small fountain may be varied dif- 
fwent ways. Thus, for example, if the weight of the 
vater which flows through gh into the lower cavity nb^ 
he not sufficient to give the necessary force to the water 
irhicb issues through i, water might be introduced by 
neaas of a sjrringe, or even air by means of a pair of ibel- 
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lows adapted to the orifice g^ and furnished at the nozzle 
with a stopcock. ^ , 

Quicksilver might also be poured into it : this dnrd 
would enter it notwithstanding the resistance of the air, 
and force it to exercise a powerful action on the fluid con- 
tained in the upper cavity. 

U. This fountain might be constructed in a manner still 
simpler. Provide a bottle, such as ab, pi. 2 fig. 11, and 
introduce into it, through the cork, a tube cd, the lower 
orifice of which reaches nearly to the bottom, while tbufk 
upper one terminates in a narrow aperture. The com- 
munication between the external air and that in the bottle 
ought to be completely intercepted at a. Let us now sup- 
posé that this bottle is three-fourths filled with water ; if 
you breathe with all your force into the tube through the 
orifice c, the air in the space aef will be condensed to. such 
a degree, as to press on the surface of the water ef, wbicH 
will make it issue with impetuosity through the orifioe c» 
and even force it to rise to a considerable height. When 
the play of the machine has ceased, if any water remaim 
in it, to make it recommence its play, nothing will be ne« 
cessary but to blow into it again. 

PROBLEM XIII. 

w To construct a vessel, into which if water be poured, the . 
same quantity of wine shall issue from it* 

The solution of this problem is a consequence, or rather 
a i^mple variation of the preceding. Let us suppose that 
the small tube ik, pi. 2 fig. 10, is suppressed, and that the 
cavity AO is filled with wine ; if a small cock r be inserted 
into the machine near the bottom no, it is evident that 
when water is poured into the cup faeo, the air, being 
forced into the upper cavity, will press on the surface of 
the wine, and oblige it to flow through the cock, until it 
be in equilibrium with the weight of the atmosphere : if 
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more water be then poured into the cup td, nearly as 
much wine will issue through the cock ; so that the water 
will appear to be converted into wine. 

Hence, if it be allowable to make allusion to a cele- 
brated event recorded in the sacred scriptures, were this 
machine constructed in the form of a wine-jar, it might be 
caUed the pitcher of Cana. 

PBOBLEM XIV. 

Method of constructing an hydraulic machine ^ where a bird 
drinks up all the water that spouts up through a pipe and 
faUs into a bason. 

• Let A B DC, pi. 2 fig. 12, be a vessel, divided into two 
parts by a horizontal partition ef; and let .the upper 
cavity be divided into two parts also by a vertical parti-: 
tion GH. Â communication is formed between the upper 
cavity bf and the lower one eg, by a tube lm, which pro- 
ceeds from the lower partition, and descends almost to the 
bottom Be. A similar communication is formed betweeâ 
the lower cavity eg and the upper one ag by the tube ik, 
which rising from the horizontal partition ef, proceeds 
nearly to the top ab. A third tube, terminating at the 
upper extremity in a very small aperture, descends nearly 
to the partition ef, and passes through the centre of a 
bason rs, intended to receive the water which issues from 
it* Near the edge of this bason is a bird with its bill im- 
mersed in it ; and through the body of the bird passes a 
bent syphon qp, the aperture of which p is much lower 
dan tîie aperture q. ' Such is the construction of this ma-* 
cUne, the use of which is as follows. 
. Fill the two upper cavities with water through two 
boles, made for the purpose in the sides of the vessel, and 
which must be afterwards shut. It may be easily seen that' 
the water in the cavity ag ought not to rise above the. 
orifice x of the pipe ki. If the cock adapted to the pipe' 
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LM be then opened , the water of tlie upper canty h» v 
flow- into the lower cavity, jvhere it will compress the air, 
and make it pass through (he pipe ki into the cavity ab; 
in this cavity it will compress the air which is above it, and 
the air pressing upon it, will force it to spout up through 
the pipe No, from whence it will fall down into the 
bason. 

But at the same time that the water flows from the 
cavity bg into the lower one, the air will become rarefied 
in the upper part of that cavity : hence, as the weight of 
Ihe atmosphere will act on the water, already poured into 
the bason through the orifite o of the ascending pipe no, 
the water will flow through the bent pipe qbp, into the 
same cavity bg ; and this motion, when once established* 
will continue as long as there is any water in the cavity 
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To comtruct a fountain, which shall throw up water, in con- 
sequence of the rarefaction of air dilated bi/ heal. 
Construct a cylindric or prismatic vessel, a section of 
Avhich is represented pi. 2 tig. 12, n*. 2, raised a little on 
four feet, that a chafing-dish with coals may be placed 
beneath it. The cavitj' of this vessel must be divided into 
two parts by a partition ef, having in it a round hole 
about an inch in diameter : into this hole is inserted a pipe 
GH, which rises nearly to the top, and over the top is 
placed a vessel in the form of a bason, to receive the 
water furnished by the jet. Another pipe ik passing 
through the top, into which it is soldered or cemented, 
descends nearly to the partition ef: this pipe may be 
made a little wider at the lower extremity, but the upper 
end ought to he somewhat narrow, that the water may 
spout up to a greater height. It will be proper to adapt 
to the upper part of this pipe a small stopcock k, by means 
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#f wImIi the water can be confined till tbe air is sufficient! j 
Ifarefied to produce the jet. 

. When the machine is thus constructed, pour water into 
Ae upper cavity till it reaches the orifice h of the tube 
GH ; tlien place a chafing-dish oi burning coals, or a lamp 
with several wicks, below the bottom of the vessel. Bj 
these means tbe air contained in tbe lower cavity will be 
hmnediately rarefied, and passing through the pipe gh^ 
into tbe space above the water, contained in the upper 
cavity, will force it to rise through the orifice i of tbe pipe 
IK, auod to spout up through the aperture k. 

To rei^der the effect more sensible and certain, it will 
be proper to put a small quantity of water into the lower 
cavity ; for when this water begins to boil, the elastic va^ 
peor produced by it, passing into the upper cavity, will 
txert a much greater pressure on the water, and force it 
to rise to a more considerable height. 

Care "however must be taken, if the steam of boiUog 
water be employed, not to heat the machine too much, 
otherwise the violent expansion of the water might burst it. 

PROBLEM XTI. 

To measure the degree of the heat of the atmosphere, and of 
otkffr fluids. Hùto7y of thermometers, and the method of 
constructing them. 

One of the most ingenious inventions, by which tbe 
revival of sound philosophy was distinguished in the be- 
ginning of the 17th century, was that of the instrument 
known under the name of the thermometer, so called be- 
cause it serves to measure the temperature of bodies, and 
particuiarly that of the atmosphere^ and of other fluids^ 
itito which it can be immersed. This ihvétition is gener-^ 
9lly ascribed to the Academy del Cimento, which flourbh- 
ed at Florence under the protection of the grand-dukes of 
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the house of Medici, and which was the first in Exiropé 
that applied to experimental .philosophy. It is asserted 
also, that Cornelius Drebbel of Âicmaer in north Holland^ 
who lived at the court of James i. king of England j bad *a 
share in this invention. But we shall not here enter inio 
a discussion of this point in the history of Natural PU» 
losophy, as it is foreign to our design *• • .. - 

. : The invention of the thermometer is founded on the 
property which all bodies, and particularly fiuids, have of 
dilating by the heat which pervades them. As spirit oS 
wine possesses this property in an eminent degree, thn 
liquid was employed in preference to any other. A very 
narrow glass tube, terminating in a bulb of about an inch 
in diameter, was filled with this liquor, after it had been 
coloured red by means of tincture of turn^ol, or orobilla 
weed, in order to render it more visible. It may be.çaûlji 
conceived, that the size of the bulb being considerable» 
compared with that of the tube, as soon as the liquor be- 
came in the least dilated, it would be in part forced to pase 
into the tube : the liquor therefore would be obliged to as* 
cend. On the other hand, when condensed by cold, Jt 
would of course descend. It was only necessary to take 
care, that during very cold weather the liquor should not 
entirely descend into the bulb ; and that during the great- 
est degree of heat to be measured, it should not entirely 
escape from it. Towards the lower part, some degrees of 
temperature were inscribed by estimation : such as cold, 

* The firit description of a thermometer ever published, is that of SolomoQ 
de Caux, a French engineer, in his book Des Forces Moutmntes, printed ia 
1624| in folio, hut written, as appears, prior to that period, for the dedication 
to Louis XIII, is dated 1615, and the privilege franted by that monarch is of 
1614. The thermometer here alluded toi acts by the dilatation of air con* 
fined in a box, which, pressing against water, forces it to rise in a tube. As 
Drebbel's thermometer was of the same kind, it may be asked whether his in* 
Tention was prior to that of Solomon de Caux ? This is a question which 
seems difficult to be determined. - Note of the French censor. 
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9nà a little lower great cold; towards the middle temperate, 
and at the top heat, and great heat. 
i Such is the construction of that thermometer called the 
Florentine, which was used for almost a century ; and such 
are those still sold in many country places by itinerant 
Tuders, and which are purchased with confidence by the 
ignorant. 

^' This thermometer, though its form and the greater 
part of its construction have been retained, is attended 
with thi^ fault, that it indicates the variations of heat only 
in a very ¥s^e and uncertain manner. By its means we 
may indeed know that one day has been hotter or colder 
dian another ; but that degree of heat or cold cannot be 
compared with another degree, nor with the heat or cold 
in another place: besides, the words heat and cold are 
merely relative. An inhabitant of the planet Mercury 
woidd .probably find one of our hottest summers exceed- 
ifngly cool, and perhaps very cold ; while an inhabitant of 
Saturn, if transported to the frigid zone of our earth dur- 
ing winter, would perhaps find it intolerably hot. We 
ourselves, at the close of a fine day in summer, experieiice 
a sensation of cold, when removed into air inuch less hot, 

and vice versa. . - • 

t 

: ' On this a<lcount, attempts have been made to construct 
thermometers, by which the degrees of heat and cold could 
be compared to a degree of heat and cold invariable in 
nature; so that all thermometers constructed according td 
this principle, though by difierent artists, in difieren^ 
places and at different times, should 0orrespond with each 
other, and indicate the same degree when exposed to the, 
tame temperature. This was the only method of making 
experiments that could be of utility. 

This was at length accomplished by means of the two 
following principles^ which were discovered by experi- 
ence. 
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The first is, that the dej 



of the t 



! temperature of 
pounded ice, beginning to rae!t, or of water beginning to 
£reeze, is constantly the same, at all times and in all 
places. 

■ The second is, that the degree of the temperature of 

I boiling water is also constant. We here speak of fre«h 

I water; and we suppose also that the weight of the atmo- 

I sphere does not vary; for we know that when water is 

jlressed with a greater weight, it requires a degree of lieat 

tewhat greater than when it is less pressed. This is 

[ proved by the pneumatic machine, from which if a part 

I of the air be exhausted, water boils at a less degree of heat 

L tlian when exposed to the open air. Hence arises a sort of 

paradox, that at the summit of a mountain, the same quantity 

of heat is not required to boil water as at the bottom of it. 

But when the gravity of the air is the same, and when the 

> water holds no salt in solution, it begins to boil at the same 

degree of heat; and when it once attains to that state, it 

never acquires a greater degree, howerer long it may be 

boiled. 

These two constant degrees of heat and cold, so easy to 
be obtained, hive therefore appeared to philosophers, 
very proper for being employed in the construction of 
thermometers. The simplest method for this purpose is 
as follows : 

Provide a tube, one of the ends of which is blown into » 
bulb of about an inch in diameter ; if the tube be a capil- 
lary one, the bulb may be smaller. By a process which we 
shall describe hereafter, pour quicksilver into the tube, till 
it rises to the height of a few inches above the bulb ; and 
then immerse the bulb into pounded ice put into a bason. 
When the mercury ceases to fall, make a mark on the tube, 
in order that this point may be known ; then immerse the 
thermometer into boiling water, and mark the point where 
the mercury ceases to hse, which will be that o]~ 
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water. NoUiing then will be necessary but to divide the 
interval, between these two marks, into any eqnal nnnriia 
oi parts at pleasure, such as 100, for instance, which ap- 
pear to us to be the most convenient. For this purpose 
affix the tube to a small piece of board, having a slip of 
paper cemented to it, and divide the interval between the 
nnrks into the number of parts you have chosen : if be 
inscribed at the point of freezing, and if a £bw degrees be 
marked below it, your thermometer will be constructed. 

Care however must be taken, to ascertain whether the 
diameter of the tube is uniform throughout : for it may be 
easily seen that a tube of unequal calibre, would render the 
motion of the mercury irregular. For this purpose, intro* 
duce a small drop of mercury into the tube, and make it 
pass from the one end to the other ; if it every where oc- 
cupies the same length, it is evident that no part of the 
tube is narrower than another; if the drop becomea 
lengthened or shortened, the tube most be rejected as 
&ulty. 

Several of the modem philosophers, with a view to im- 
prove the construction of thermometers, have entered into 
minute details in regard to the increase of volume which 
mercury and spirit of wioe acquire, when they pass from 
tbcNdegree of freezing to that of boiling water ; but it ap- 
pears to us, that as these two terms have been found to be 
invariable, tbey might have saved themselves the trouble 
d entering into these considerations, which tend only to 
render their processes more difficult. 

It now remains that we should describe the method of 
filling the bulb and tube with the fluid intended to form 
the thermometer ; and which, fbr reasons to be mentioned 
hereafter, we shall suppose to be mercury ; for this opera- 
tion is attended with some difficulty, especially when the 
tttbe is very small. 

The first thing to be attended to, is to clean very well. 
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the Inside of the tube; wliich, if it be not a capillary one, 
L naay be done by means of a very diy plug fixed to the end 
I ef a wire, and then drawn up and down the tube. If the 
^ tube be capillary, it must first be heated, and then the 
I bulb : the air issuing from the latter will expel any dirt 
i ^at may be adhering to it. 

The mercury ought to be exceedingly pure, or revived 
b by means of cinnabar; it must also be boiled, to expel the 
I idr which may be diffused through it. 

When these preparations have been made, attach to the 

I HUmmit of the tube a small paper funnel ; apply the tnbe 

I to a chafing-dish in such a manner, as to heat it gradually, 

I and then heat the bulb in the same manner, till it cannot 

I ^e held in the hand without a thick glove. When the 

I thermometer has acquired this degree of beat, if the small 

fqnnet above mentioned be filled with heated mercury, in 

I proportion as the glass cools the air will become rarefied, 

and afford a passage to the mercury into the bulb, till it 

be in equilibrium with it. Repeat the same operation to 

introduce a new quantity of mercury, and so on till the 

tube is full ; and then graduate the thermometer, expelling 

from it, by the means of heat, what is more than necessary 

I ^o make it reach the highest point marked towards the 

' upper extremity of the tube, when immersed in boiling 

Vater. When this point has been fixed, mark it by means 

I «f a thread, or by notching the tube with a file, and having 

I offered the thermometer to cool, immerse it in melting 

Be, which will give the freezing point. 

It may be readily conceived, that if the whole mercury, 
during this operation, should enter the bulb, it will be ne- 
cessary to introduce a little more, in order to carry the 
point of boiling water somewhat higher. 

Melt and draw out the upper end of the tube, by apply- 
ing it to anenameller'siamp, and heat the mercury to such 
a degree, as to make it ascend near to the summit ; then 
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seal it hermetically at the lamp, and by these meant no* 
thing will remain in the upper end of the tube but a quan* 
tity of air imperceptible, or exceedingly small. 

Then affix the tube to a boards made of some wood 
which has the property of expanding but a very little itt 
length by heat: 6r has this property as well as that of 
lightness: the bulb must be insulated from the board that 
the air may surround it more freely, and that it may not 
^ affected by the heat which the wood may acquire. 

Â' question here naturally arises: what kind of liquor is 
the best, and most convenient for constructing accurate 
and durable thermometers — Spirit of wine or mercury ? 

In our opinion, this question is attended with no diffi^ 
culty ; for all philosophers must agree that mercury is the 
fittest fluid for constructing thermometers. No doubt of 
its superiority over spirit of wine can be entertained by 
those who consider : 

1st. That spirit of wine, unless well dephlegmated, is 
not always the same ; and who can assert that, in its diner* 
ent states, its progress is always the same, or that its di- 
latation is not different at the same degree of heat ? Thiw 
point has been determined by experience ; and therefore 
BO certain comparison c^n be made between different 
spirit of wine thermometerlu 

2d. If spirit of wine be well dephlegotiated, as it then 
becomes highly spirituous and volatile, is it not to be ap« 
prehended that its volume may be gradually diminished î 
It is indeed true, that to prevent this inconvenience, the 
tube is hermetically closed at the top ; but this precaution 
will not prevent the most volatile part from being exhaled 
in the upper part of the tube ; and in that case the spirit 
of wine, becoming less expansible, will remain below the 
degree at which it ought to be ; and the same thing will 
take place in every state of the spirit of wine, whether it 

VOL. lY. E 
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be employed with water, as is usual, in order to moderate 
its dilatability. 

3d. Spirit of wine boils at a degree of heat less than that 
r of boiling water ; consequently it is not proper for ex- 
amining degrees of beat which are greater; for beyond 
I ebullition the progress of the dilatation of any liquor does 
I not follow the sanie laws ; because after that term it be- 
[ comes volatilized, or is suddenly reduced into vapour of a 
I volume a thousand times greater. 

I On the other hand, spirit of wine, when united with 
I water, is susceptible of freezing at a degree of cold not 
I much less than that at which water congeals; and there- 
I fore it is very improper for measuring degrees of cold 
i much below that term. 

[ Mercury is attended with none of these defects. This 
I subsUoce, as far as chemists have been able to ascertun, is 
I of an uniform nature when pure ; to make it boil requires 
I m degree of heat six times as far distant from zero, or the 
I term 0, as that at which water boils : and it does not freeze 
\ but at a degree of cold very far indeed below that of tha 
f congelation of water. 

I Another advantage of "mercury, whether employed in 
thermometers or barometers, is, that while in the act of 
rising, the small column assumes a convex form at tbe 
top, and when it falls a concave form: for this reason, 
when the summit assumes a convex form, we can say that 
the mercury is in the act of rising ; and when it becomes 
concave, we may conclude that it begins to fall ; which is 
very convenient for prognosticating heat, and for ascer- 
taining whether it increases, or has become stationary, or 
has begun to decrease. 

PROBLEM XVII, 

Description of the most ceiehaled ihermojneters, or those 
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thiefly used : Mttliod ûf reducing the degrees of one to 
corresponding degrees of another. 

Several thermometers, different in the division of their 
scale, though constructed on the same principle, are em- 
ployed in £urope>. ^s the division of the scale is altoge- 
ther arbitrary, it is necessary that we should point out the 
methoci of reducing degrees of the one to corresponding 
degrees of another» 

These thermometers are> that of Fahrenheit, that of 
Reaumur, that of Celsius, and that of Delisle. 

The first of these thermometers is constructed with 
mercury, and is graduated in a manner which, on the first 
view, may appear rather whimsical. The freezing point 
corresponds. to the 32d degree; and* between this point 
and that of boiling water there are 180 degrees; so that 
the beat of boiling water corresponds to the 212th degree. 
TJbe reason of this division is that Fahrenheit assumed, as 
the zero of his thermometer, the greatest degree of cold 
which he could produce by a mixture of snow and spirit of 
nitre; having then immersed his instrument in. melting 
ice, and afterwards in boiling water, he divided the inter- 
val between these two points into 180 degrees, which gave 
him S2 between the above artificial cold and that of com- 
mon freezing. Experience has since shown, that it is pos- 
able to produce an artificial cold much more intense than 
that produced by Fahrenheit. 

This thermometer is that generally used in England ; 

but it appears that the scale is not the most commodious. 

It might however be improved by transposing zero to the 

place of the Sad degree, in which case there would be 180 

degrees between the freezing point and that of boiling 

water; and the degree now marked in this thermometer, 

would be — 32, denoting the degrees below freezing by 

the negative sign minus. Fahrenheit, it appears, was the 

E 2 
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first person who employed mercury in the construction of 
this instrument. 

Reaumur's thermometer is generally made with spirit of 
wine, and is graduated in such a manner, that the degree 
of melting ice is marked 0, and that which corresponds to 
boiling water is marked 80; consequently there are 80 
degrees between these two points. The scale below is 
marked 1,2, 'J, 4, &c ; and when these degrees are used, 
the words bdvj) freezing are added, or for the sake of 
brevity the sign — . 

Dclisle's thermometer is much used in the North ; and 
for this reason it is necessary we sliould make known the 
manner in which it is divided. Delisle begins his scale at 
the point of boiling water, and proceeds downwards to the 
freezing point ; between which and that of boiling water 
there are I JO degrees; ISO degrees of his thermometer 
correspond therefore to 80 of Reaumur, or ISO of Fahren- 
heit. 

Celsius of Upsal, and Christin of Lyons, sensible of the 
defects of spirit of wine, and hnding the division into SO 
degrees inconvenient, endeavoured to remedy these faults, 
by constructing a thermometer with mercury, and dividing 
the interval between the freezing point and that of boiling 
irater into 100 degrees. The only difference between this 
thermometer and that of Reaumur, is, that mercury is used 
instead of spirit of wine, and thut 100 divisions are em- 
ployed In the same space in which Reaumur employs 80: 
one degree of the thermometer of Celsius is therefore equal 
to 4 "^f ^ degree of that of Reaumur; consequently, to 
convert the degrees of Celsius's thermometer to corre- 
sponding degrees of Reaumur, multiply by 4 and divide 
by 5 : to convert Reaumur's degrees to those of Celsius^ a 
contrary operation must be employed. To convert the 
degrees of CeUius's thermometer to those of Fabrenlieit's^ 
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Wttltiply by 9, then divide by 5, and to the product add 
S2. To convert Fahrenheit's degrees to those of Celsius, 
subtract 32 from the number of degrees proposed, and 
having multiplied the remainder by à, divide the product 
by 9. 

Te convert degreeii of Fahrenheit into degrees of 
Reaumur, the following process must be employed : if the 
d^ees of Fahrenheit are above 32, subtract S2 from 
them, then multiply the remainder by 4, and divide the 
product by 9, the quotient will be the corresponding de- 
gree of Reaumur's division. Let the proposed degree of 
Fahrenheit, for example, be 149 : if 32 be subtracted from 
this number, the remainder will be 1 17, which multiplied 
by 4, gives for product 468 ; and if this product be divided 
by 9, we shall have for quotient 52, which is the corre- 
sponding degree of Reaumur's thermometer. 

If the degree of Fahrenheit be between and 32, it 
must be subtracted from 32 ; then multiply the remainder 
by 4, and divide the product by 9 : the quotient will be 
the corresponding degree of Reaumur's thermometer. ' In 
this manner it will be found, that 12 degrees of Fahrenheit, 
correspond to 8|- degrees of Reaumur, below freezing. 
. Lastly^ when the proposed degree is below 0, add it to 
88, and then proceed as above directed : the quotient will 
be the corresponding degree of Reaumur's thermometer. 
Thus, it will be found that the 45th degree of Fahrenheit, 
below O, corresponds to 34|> degrees below 0, of Reaumur. 
It may here be readily seen, that to convert degrees of 
Reaumur's scale to the corresponding degrees of Fahren- 
heit's, the reverse of this operation must be performed. 

In regard to Delisle's thermometer ; it is evident, from 
its construction, that the 150th degree in its scale, corre« 
spends to the zero of Reaumur's scale. If the proposed 
degree of Delisle's thermometer then be less than lôO, it 
must be subtracted from 150: if you then multiply by 8, 
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ind divide by 15, the quotient will be the corresponding' 
degree of Keaumur, above freezing. 

Let the proposed degree of Delisle's thermometer, for 
example, be 120: if ibis number be subtracted from 150, 
the remainder will he 30 ; then say, as 150 to 80, or aa 15 
to 8, so is 30 to a fourth term, vhich will be 16 = the 
degree of Reaiimnr^s thermometer, above or the freezing 
point. 

If the degree of Delisle'a thermometer exceeds 150, as 
if it be 190, for example, subtract 150 from it, which will 
leave for remainder 40 ; then maite use of this proportion, 
as 15 is Co 8, so is 40 to 21f , Avhich will be the degree of 
Reaumur's thermometer, below O, corresponding to the 
190tb degree of Delisle's tiiermometer. 

As it will be easy to perform the reverse of this operation, 
in order to convert the degrees of Reaumur's thermometer 
into those of Delisle's, more examples are needless. 

It is certainly much to be wished that all philosophers 
would agree to employ only one kind of thermometer, 
that is to say, constructed in the same manner with 
mercury, and having the same scale. In regard to the 
latter, there can be no doubt that the division of 100 parts, 
between the freezing point and that of boiling water, 
■would be preferable toiany other, as decimal divisions are 
attended with many advantages in regard to facility of 
calculation*. 

PBOBLEM xviti. 
Construction of another kind of thermotaeter, which mea- 
sures heat bj/ the dilatation of a bar of metal. 

The property which all metals have of dilating by heat, 
serves as a principle for the construction of another ther- 

* The French have adopted tbis diiislon, anil the th^rmomttcr divided in 
■ amuMT iiOBlIad the iwitigndc. 
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mometer, exceedingly useful, as much greater degrees of 
beat can be measured by it than by other thermometers ; 
for a spirit of wine thermometer cannot measure a degree 
of beat greater than that acquired by spirit of, wine in a 
state of ebullition ; and a mercurial thermometer cannot 
measure any degree of heat greater than that of boiling 
mercury. It was perhaps for this reason that Newton 
employed, in his thermometer, liqseed oil; for it is well 
known that (at oils, before they are brought to ebullition, 
require a degree of heat much greater than that which 
foses the greater part of the metals and semi-metals, such 
as lead, tin, bismuth, Sec. 

Musehenbroeck is the inventor of this new kind of ther- 
mometer, called also Pyrometer. Its construction is as 
fellows. 

If we suppose a small bar of metal, 12 or 15 inches in 
length, made fast at one of its extremities, it is evident» 
that if it be dilated by heat, it will become lengthened, and 
ttsjotber extremity will be pushed forwards. If this ex- 
tremity then be affixed to the end of a lever, the other 
end of which is furnished with a pinion adapted to a wheel» 
and if this wheel move a second pinion, the latter a third, 
and so on, it will be evident that, by multiplying wheels 
and pinions in this manner^ the last one will have a very 
sensible motion; so that the moveable extremity of the 
small bar cannot pass over the hundredth or thousandth 
part of a line, without a point of the circumference of the 
last wheel passing over several inches. If this circumfer- 
ence then have teeth fitted into a pinion, to which an index 
is affixed, this index will make several revolutions, when 
the dilatation of the bar amounts only to a quantity alto- 
gether insensible. The portions of this revolution then 
may be measured on a dial-plate, divided into equal parts; 
and by means of the ratio which the wheels bear to the 
pinions, the absolute quantity which a certain degree of 
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heat may have made the small bar to dibte» caa be ascer* 
taiYied ; or, by the dilatation of the bar, the degree of heat 
which has been applied to it may be determined. 

Such is the construction of Muschenbroeck's pyrometer. 
It is necessary to observe, that a small cup is adapted to 
die machine, in order to receive the liquid or fused matters, 
subjected to experiment, and in which the bar to be tried 
is immersed. 

When it is required to measure, by this instrument, a 
considerable degree of heat, such as that of boiling oil or 
fused metal, fill the cup with the matter to be tried, an4 
immerse the bar of ii;on into it* The dilatation of the bar, 
indicated by the turning of the index, will point out the 
degree of heat it has assumed, and which must necessarily 
be equal to that of the matter into which it is immersed* 

This machine serves to determine the ratio of the dilflfta* 
lion of metals; for by substituting, in the room of die 
j^j^KHnetric bar, other metallic bars of the same leogtb^ 
and then exposing them to an equal decree of heat^ the 
ipatios of their dilatation will be shown by the motion -«tf 
the index. 
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Ûegnrees 


. Degrees 


of. 


of 


Rcaumar, 


Celsias. 
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Â Tabl^ of the different degrees of heat at which different 
matters begin to melty to freeze ^ or to enter into ebullition, 
according to the thermometers of Fahrenheit, Reaumur, 
and Celsius, 



Degrees 

Names of the Matters, of 

Fahrenheit. 

Mercury congeals .. • — 39 

l^fiflxury boils . • • • 7O8 

Water freezes • • . • 32 

Wajterboas . . '. . . 212 
Rectified spirit of wine 

^ireezes . . . . * . — 33 ' 

Tne saine boils • . • i75 

i 

Brandy consisting of equal 
parts spirit and water 

feezes — 7^ 

The same bolls .... l90 

Water saturated with ma- 
rine salt boils • • • 218 

lixivium of wood ashes 

.boils ..•••.. 240 

BurgundyyBourdeauXy&c , 

wine freeze • . . .• 2Q 

Spirit of nitre freezes . — 40 

The same boils • • . • %42 

m 

Wax melts )142 

Butter melts .... 80 to 90 

on of turpentine begins to 

• boil ...... 560 

Olive oil becomes fixed '. 43 

Rape*seed oil boils and is 

ready to inflame . . 7^4 

Tinfiised 408 

Uàd fused . . . . . 540 

Bismuth ditto .... 4(50 

Regulus of antimony ditto 805 



300 


> -394 
. 375 








80 


100 

m 


. —29 


. -36 

• 


70 


87i 


82| . 


103f 


. . 92| . 


.114 


. — 5Î 
. - 23 


. —40 


93J , 


ai6 


. 2ito2@ , 


/ 26 to 32 

• « « • 


. 234 , 
5 


/ 202 


298 . 
. 1^ . 
276 


. -372 
309 

► «84 


190 


£S8 


344 


iS9 
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Table of the different degrees of heat or cold observed in 
various parts of the earthy or in certain circumstances ^ or 
an consequence of certain operations, according to Reau^ 
mufs thermometer. 



Constant heat of the vaults below the observatory Degrees, 


of Paris • • . . " . 


9^ 


Heat at which chickens are hatched 


35 


. • • at which silk-worms are hatched 


19 


... for an orangery • • • . 


15 


. • • f or pine- apples . . • • 


18 


• : . for the chamber of a sick person 


17 


. • • f or a stove 


12 


• • . of the human skin • • • 


. 29 to 30 


. • . of the interior of the human body . 


31 


Fever heat . • . . . 


. 32 to 40 


Heat observed at Parb in 175S 


soi 


at Senegal • • • . 


37 




35 


at Martinico ... 


32 


Cold observed at Paris in 1766 


■ - H 


in 1740 


, — lOj 
— 12 


in 1754? 


in 1767 


— IS 


in 1768 • 


- 14i 
, - 15i 
. -16J 

— S3J. 


in 1709 


in 1776 


at Petersburg December 1759 


• ••••••• December 1772 


— 50 


at Torneo in 173? . 


, — 37 


• at Quebec . • . . 


— 37 


at Upsal in 1733 


— 40 


at Kiringa in Siberia in 1738 




(See Flora Siberica) . . 


— 70 


Artificial cold with spirit of nitre and snow 




cooled to 33 degrees 


— 170 
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Table of the ratio of the dilatation of metals bt/ heat^ ac^ 

cording to Mr. Ellicot. 

Names of Respective 

Metals. Dilatation. 

Gold . - . . - 73 

Silver - - - - 103 

Copper - - - - 89 

Similor - - - ^ 95 

Iron ----- 60 

Steel ' ^ - ^ 5^ 

Lead .... 149 

Tin 148 

OBSERVATIONS ON THE PRECEDING TABLES. 

I. The first observation we shall h&cp make, is on the 
congelation of mercury by an extraordinary degree of 
cold. This singular experiment was made, for the first 
time, at Petersburg in the month of December 17599 ^^à 
deserves that we should here give a particular account of it. 
The cold having become very intense in that city^in the 
month of December 1759, Mr. Braun embraced that op- 
portunity of making some experiments on the artificial 
cold that could be produced, assisted by its means. He 
put into a glass vessel snow already cooled to 208 degrees 
of Delisle's thermometer, or 31 degrees of Reaumur, and 
iiaving cooled to the same degree good fuming spirit of 
nitre, he poured it upon the snow. He then immersed in 
, the mixture the bulb of a thermometer, so constructed 
that the scale of it extended about 6000 degrees, both 
above and below zero, which in Delisle's thermometer is 
the point of boiling water, and saw with astonishment the 
mercury rapidfy descend to the 470th degree below that 
term. The mercury having then stopped, Mr. Braun 
shook the thermometer, and found that the mercury had 
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no motioD. He broke the buib, and found that the iner« 
cury was completely frozen. This experiment was re- 
peated either the same day, or on the 26th of December, 
when the natural cold was still more intense, and the mer- 
cury fell to the âl2th degree of Delisle's thermometer, or 
the 33d of Reaumur. Several of the Academicians of Pe- 
tersburg were present at the latter experiment, and con* 
firmed the truth of it. The small bail of congealed mer- 
cury was hammered, and it appeared to have the ductility 
of lead. ^ 

One thing very isingular, aiid which Mr. Braun remarks 
with astonishment, is, that in several of these experiments 
the mercury fell with moderate vefocity from the point of 
the tempei^ture of the air to that of 470 degrees below 
zero ; but when it reached that term it Ifell at once below 
the 600th d^ree, wUbout the bulb of the tbennoiiiefer 
being broken. 

This pheDomenon, in our opinion, is nearly the invene 
of that which takes fdace in the congelation of water. It 
is well known that in proportion as water *cools, it dimi- 
nishes in Tolume ; but when it reaches the degree of con- 
gelation, it suddenly increases in volume, so that if a ther- 
mometer were constructed with pure water, it is probable 
the water would first fall, and then suddenly rise, or burst 
the ball of the thermometer. This is an eflRect of the new 
arrangement of the parts wtuch takes place, with a forc^ 
almost irresistible, at the moment when they are all in 
contact. 

But there is reason to think, that in mercmy the con* 
traiy is the case ; that is to say, when cooled to such a 
d^ree that its component particles are almost in contact, 
they suddenly arrange themselves in a certain form by 
their mutual attraction, and this form is apparently such, 
ÛKèt in this dispoâtion they must occupy less volume, as 
those of water occupy more. 
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But, however this may be, it is confirmed by the experi- 
ment of Mr. Brauu, that mercury is only a metal kept in 
a state of fusion by a degree of heat much less than that 
which freezes water, and a multitude of other Hquors. We 
must even remove it from the class of semi-metals^ and 
rank it among the number of real metals. 

We find also, in this experiment, the reason why mer- 
cury is the most volatile of the metals. Since the degree 
of heat necessary to keep it in fusion, is so far below that 
which melts ice, it needs excite no astonishment that at the 
SOOdi degree of Reaumur's thermometer it begins to be 
witatili^ed ; for this degree is about the 500th above that 
which keeps it in a state of fusion : in regard to it this de* 
gree is almost the same as the 600th would be to lead, or 
die 1200th to copper, 8cç. 

n. Another remark is, that the degree of water' begin-* 
ning to freeze is indeed fixed ; but the case is not entirely 
the same with that of boiling water. Is has been found 
that the more water is charged with the weight of the at* 
mosphere, the greater is the degree of heat necessary to 
make it boil. This was remarked by M. le Mounier, who 
found at the summit of the Canigou that boiling water 
macd the thermometer only to the 7Sth degree. This has 
been since proved by other philosophers, such as M. de 
Secqndat, the son of the celebrated Montesquieu, on the 
Pic du Midi, one of the highest mountains of the Pyrenees, 
ind by Mr. Deluc on a mountain still higher. Water has 
also been made to boil under the receiver of an air pump, 
at a degree much below the 80th of the thermometer : this 
effect may be produced by partly evacuating the air. 

It is therefore necessary that this degree of the thermo- 
meter should be fixed, taking iiito consideration the height 
qC the barometer ; and in rectified and comparative ther^ 
niometers, of which we have heard, the 80th degree is that 
^lAidi indicates boiling water when the height of the ba* 
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Paris measure, or 'i8"8 English inches: 
this is wbat we ought to understand by the degree of 
boiling water. 

It has been found also» that the thinnest liquors boil at 
I degree of heat less than water ; but that fat oils require 
a mucli greater degree- 
Ill. We liave rectified, according to the observations of 
Deluc, or observations made at his request, tlie tempera- 
ture of the vaults of the observatory at Paris, which is not 
, 10 as commonly said, but 9^ at most, Wc have rectified 
I also by the observations of M. Braun, the degree of boiling 
I mercury which is generally placed at the 600tb degree «f 
, Fahrenheit, but which, according to that philosopher, is 
the 708th or 709th, 

IV. In the table of the dilatation of metals, it isseen that 

flleel is that which dilates the least by heat ; the next is 

iron, and the next to that is gold. Lead and tin dilate the 

f most. It appears also by this table, that the dilatability 

! does not follow the ratio of the specific gravities, nor that 

, pf the ductility, nor of the strength of these metals: there 

I are even irregularities in their xlilatatiuns, on which account 

it is to be wished that a greater number of experiments 

) were made on this subject, and in a more correct manner. 

Remark. — It is rather matter of surprise, that M. Mon- 

I tucla has taken no notice of the accounts of the freezing 

and fixing of mercury, in the Philos. Trans, for the year 

1783, especially as the errors of M. Braun concerning this 

I matter are there correcteii, and the degree of cold at which 

I it freezes is ascertained by many different persons, both 

by natural cold, and by artificial mixtures, with perfect 

■atisfaction ; It is there proved, that the degree of cold at 

which mercury freezes, is — 39 of Fahrenheit, or 39" below 

I Q in that scale. It is also shown, that the extraordinary 

degree of depression of thermometers accompanying 

I which deceived M. Braun, and sen 
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other persons, is owing to the sudden contraction of 
mercury in the act of freezing, and after it ; contrary to 
the nature of water^ which expands and enlarges in the 
same circumstances. Hence it happens that congealed 
mercury, becoming more dense and compact, sinks in 
fluid mercury, while common ice, or congealed water, 
floats in that fluid. 

PROBLEM XIX. 

What is the cause of the intense and almost continual cold 
experienced on the tops of high mountains^ and even of 
those situated in the torrid zone; while it is hot m the 
neighbouring plaini or valleys? 

The cold experienced on high mountains, while the 
neighbouring plains are exposed to the most violent heat, 
is a phenomenon which has long excited the attention of 
philosophers. It is now known that one of the hottest 
climates in the world is the coast of Peru, and yet those 
who gradually ascend the Cordilleras from it, observe that 
the heat progressively decreases, so that when they have 
got to the valley of Quito, at the height of about 1400 toises 
above the level of the sea, the thermometer, in the course 
of the whole year, scarcely rises 13 or 14 degrees above 
zero. If they ascend still higher, this temperature is suc- 
ceeded by a severe winter, and when they get to the per- 
pendicular height of about 2400 toises, they meet witB 
nothing, even under the equinoctial line, but eternal ice. 
Some philosophers have asked how this is possible ? In 
proportion as they rise above the surface of the earth, they 
approach the sun, consequently his rays ought to be 
warmer ; and yet they experience the contrary. Some 
bave thence concluded that the rays of the sun are not the 
principle of the heat which we experience; for if they 
&re^ bay they^ how comes it that they have less activity 
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exactly in the place where they ought to have more ? ThJ* 
paradox we slmll endeavour to explain. 

It must first be observed, that when people ascend to' 
the height of some thousands of yards above the surface of 
the earth, it is wrong for them to conclude that the rays of 
the sun ought to have more activity there than at the sur- 
face. This difference would be insensible, even if they 
should ascend to a height equal to the earth's semi-diame-^ 
ter, or some thousands of mileâ; for the sun being at the 
distance of 22000 semi-^diameters of the earth, and as the 
heat of the sun's rays increases in the inverse ratio of the 
squares of the distaiices, the direct heat of the sun at the 
height of a semi*diameter of the earth, will be to that ex- 
perienced at the surface, as the square of 21999 to the 
square of 21998 ; a ratio which will be found to be that of 
10999 to 10998, or of 1 1000 to 10999 ; so that the heat 
would be only one 1 1000th part less at the surface than at 
the distance of the earth's semi-diameter above it, a differ- 
ence quite insensible. What then can be the difference at* 
the height of four or five thousand feet above the surface 
of the earth ? certainly nothing, and therefore no attention 
ought to be paid to it. 

But there are very sensible physical causes, in conse- 
quence of whidh bodies are less susceptible of heat, and 
while on those elevated parts of the earth retain it a shorter 
time than when they are nearer the surface. It is certain 
that the heat which we experience at the surface of the 
earth is not merely the effect of the direct heat of the sun, • 
but of several causes united. 

These causes are, 1st, the mass of the heated bodies, 
which retain longer the heat they have received, accord- 
ing as they are denser and more voluminous: hence the 
terrestrial bodies retain, even in a great measure through- 
out the night, the heat communicated to them during a 
fine summer's day. The day after this they receive an- 
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Olber accession of heat by the presence of the sun ; and so 
on in succession. 

âd. The air being more dense in the plains and valleys^ 
it retains a greater portion of the beat it receives in the 
day-time, and prevents the dissipation of the heat com- 
municated to the earth. For this reason, the heat con- 
tinually increases in the lower grounds, as the sun rises 
above the horizon ; but on the summits of the mountains 
the case is not the same. 

In the first place, the air in those high regions is much 
rarer than at the surface of the earth. No sooner is the sun 
fiiank below the horizon, than it loses the heat it received 
in the course of the day ; for every person must have ob- 
served, that a dense body, such as a piece of money, re- 
tains beat longer than a body of little density, such as a bit 
of cloth. If you approach a large fire, and stand some time 
before it, you will find the money in your pocket burning 
hot; if you retire, it will be in this state for a long time, 
while your clothes will retain only a common degree of heat. 
Re^ce, the small quantity of heat which the thin air of the 
mountains has received in the course of a summer^s day, 
iftsoon dissipated; it is not accumulated there as in the 
lower regions, where the contact also of dense terrestrial 
bodies, violently heated, contributes to maintain it in that 
state. In the second place, the exceedingly high insulated 
peaks of these mountains are only small masses, wheii 
compared with the whole of the terrestrial bodies in the 
plains and the valleys. If they are heated to a certain 
point, the heat they have received is speedily evaporated ; 
and this evaporation is promoted by the coolness of the 
ftarrounding air, which is lowered to the temperature of 
ice, almost as soon as the sun has set. 

Hence it may be easily conceived that the air, which 
surrounds high mountains, acquires only in a very transient 
manoer a certain degree of heat; that it is almost always 

VOL. IV. p 
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below even. the temperature of ice; that oa^this accouBi 
all tbe aqueous meteors there formed, are converted into 
snow and ice ; that when a certain mass is once formed, it 
will oppose tbe introduction of beat, eitber into tbe sur- 
rounding air, or into tbe parts wbicb it covers ; and this 
new obstacle will tend to increase tbe cold and tbe mass of 
tbe ice. In this manner have been formed those accumOi* 
lated masses of snow and ice which cover tbe summits ot 
tbe Cordilleras, as well as some parts of the Alps and tb^ 
Appenines; in short, all those mountains of the univene 
whose height exceeds a certain limit, which in tbe torrid 
zone is about 2400 toises perpendicular elevation abpvo 
the level of tbe sea. 

We must here remark that this height is less as tbn 
latitude is greater; thus, in the torid zone, yoa mmfe 
ascend to the height of 2400 or 2500 toises to arrive at 
those regions of perpetual ice ; but in tbe temperate zone, 
for example, these eternal glaciers will be met with at the 
height of 14 or 1500 toises. The commencement ci thoie 
found in .Swisserland, according to the measurement ^ 
Mr. Deluc, is at the height of 1500 toises above tbe level 
of tbe Mediterranean; and on proceeding farther north 
they will be found nearer the level of the sea. Tbe 
glaciers of Norway are certainly less elevated than tiMMe 
of Swisserland. In short, in the frigid zone that r^ipn of 
continual ice is at the surface of the earth. Henoe it 
happens that in those regions the ice, as is well known, 
never melts. Both the arctic and antarctic poles are sur* 
rounded, to the distance of several hundred of leagues^ 
with circular bands of ice; which, according to every 
probability, exclude all hope of ships being ever able to 
traverse the frozen ocean, in order to proceed through 
the seas of China and Japan to the passage known to exist 
between Asia and America. 
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PROBLEM XX. 

Of the attenuation of which some matters are susceptible: 
Calculation of the length to which an ingot of silver may 
be wire^raxim and of the thickness of gilding. 

We shall not here examine the question which has so 
much engaged^ the attention of philosophers, whether 
matter be divisible or not ad infinitum. To resolve this 
question, it would be necessary to be acquainted with the 
ultimate moleculœ or elements of bodies, which in all pro- 
bability are placed beyond our reach. But nature and 
^xt present to us some instances of the attenuation of 
matter, which if they do not prove its divisibility ad in- 
:finitum, prove at least that the boundaries of this division 
are removed beyond what the imagination can conceive. 

The ductility of silver and gold supplies us with two of 
those examples furnished by art. An ounce of gold is a 
cube of 5\ lines on each side ; so that one of its faces will 
consequently cover about 27 square lines. This cube, a 
.gold-beater reduces into leaves, which all together, would 
cover 146 square feet. But 27 square lines are contained 
U1980 times in 146 square feet; consequently the thick- 
ness of this gold leaf is the 111980th part of 5\ lines, or 
^ 21534th part of a line. 

But we can go still farther : for this attenuation is no- 
dnpg in comparison of the following. 

A cylindric ingot of silver, weighing 45 marcs, about 
M inches in length, and 15 in breadth, is covered with six 
oonces of gold reduced to gold-leaf. The thickness of 
die gold in this stated called gilding, is about the 15th part 
of a line. Bût only one ounce of gold may be employed; 
fod in this case the thickness of the gilding will be only 
tke 90th part of a line. 

.. The ingot thus gilt is made to pass through several 
holes in succession, each smaller than the other, till it Î3 

f2 
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reduce^ to a wire of the thickness of a hair, M. Reaumur 
took a wire of gilt silver, drawn out in this manner, and 
having weighed half a gros of it, with the greatest nicety, 
measiireil its length, which he found to be 202 feet: 
whence it is easy to conclude thai the gros must have been 
404 feet in length; the ounce 2232, the marc 23856, and 
the 45 marcs 1 163520 or 96 leagues of 2000 toises each. 
Here then we have an ingot of silver, 22 inches in length, 
drawn out in such a manner, as to form a wire of Ot 
leagues in length. 

Nay more, this gilt wire is made to pass between two 
rollers of polished steel, to flatten it, and reduce it to s 
thin plate. This operation, by rendering it -J- of a line in 
breadth, lengtliens it a seventh part more at least ; so that 
the wire by these means is converted into a thin plate 1 10 
leagues in length, with the thickness of the 256th part of a 
line. In regard to the gold, it will be found that its thiclc- 
ness is only the â9000th part, and even the 60000[h part of 
a line. 

Thus, if we suppose the ingot of silver to have been 
gilt with two ounces of gold, its thickness would be the 
175000th part of a hne; and supposing only one ounce 
of gold, the thickness would be the 350000th. But as 
there are some places of the plate unequally gilt, if wc 
suppose that these are a half less than the rest, it will be 
found, that the thickness of the latter will be only one 
£25000th of a line. 

Lastly, it is well known that this plate may be made to 
pass a second time under the steel rollers, bringing them 
nearer to each other, in such a manner as to render its 
I l»rea4th double; hence it follows that in the latter state 
'there are parts of the gilding where its thickness is only 
the lOOOOOOth part of a line; which is in the same pro- 
portion as a line is to the length of 1200 toises, or half a 
league. 
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^ It is however certain that these gold particles have 
tnotual adhesion and continuity ; for if this silver wire be 
immersed in aquafortis, the silver will be dissolved and the 
gold will remain like a small hollow tube. Lastly, if the 
gilding be viewed through a microscope, no trace of dis» 
Continuity will be observed. 

As the ductility of gold is far greater than (hat of silver^ 
a much longer wire might be made with an ingot of gold of 
the same weight. But can we believe Avhat is related by 
Muschenbroek on this subject? This philosopher says^ 
that an artist of Augsbourg made a gold wire, weighing 
only a grain, which however was 500 feet in length. He 
could therefore have made a gold wire a league in length, 
and weighing only a dram, or the third of a gros ; a wire 
M leagues in length would have weighed only one ounce; 
and with a pound of gold he could have made a orire lQi2 
leagues in length. A wire of this size, capable of encom- 
passing the globe of the earth, would have weighed only 
«bout 50 pounds. 

But we can show that a thread, the work of an insect, 
surpasses in fineness the wire ascribed to the artist of Augs- 
bourg. It has been observed that a single thread of silk^ 
360 feet in length, weighs a grain ; 24< grains therefore 
will give 1440 toises, and 36 grains a league of 2160 
tttises: an ounce of this thread will extend 16 leagues, and 
a pound i2d : in short, a thread of this kind capable of 
èncompasing the globe of the earth, would weigh no 
more than 70 marcs, or dS pounds. We shall here add, 
that the thread of a spider's web, which is much finer and 
fighter than ^he thread of a silk- worm, of the same length 
as the above, would weigh only two marcs, or one pound.. 

PROBLEM XXI. 

Smtinmtion rfthe same subject : Dmsion of matter m th€ 
solution of bodiesy and in odours and lights 
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But neiT subjects of admiration present themselves to 
us ill the prodigious smallness of some parts of matter: 
theSe we shall here add on account of their affinity. 

Metallic solutions afford tlie first example. Dissolve a 
grain of copper in a sufficient quantity of volatile alkali ; 
and you will obtain a liquor of a blue colour. If you pour 
this solution into three pints of water, the whole water 
will be sensibly coloured blue. But three French pints 
make 14* cubic inches; and as each inch in length may 
be divided into lines, then into tenths of a line, visible to 
the eye, it will be found, that in these 14+ cubic inches, 
there are 248832000 of such parts, every one of which is 
coloured blue. A grain of copper is divided tiien, by 
these means, into at least 248832000 parts. But we sliall 
go still farther: each of these parts may be seen by a 
microscope, that magnifies objects 100 times in length, 
consequently 10000 times in surface; and every one of 
them will be found to be coloured: if we therefore multiply 
the above number by 10000, or add to it four cyphers, we 
shall have a grain of copper divided into 2488320000000 
parts, visible to the eye, at least when assisted by the 
microscope. 

Let us now proceed to odours. It is sajd that a grain 
of musk is capable of perfuming, for several years, a 
chamber 12 feet in every direction, without sustaining any 
sensible diminution in its vohime, or its weight. But a 
space such as the above contains 1728 cubic feet, each of 
which contains 1728 cubic Inches, and each of these 1728 
cubic lines ; so that the number of cubic lines is the third 
power of 1728. It is probable, that every one of these 
cubic lines contains some of the odorous particles: the 
air of the chamber may in the course of several years be 
renewed 1000 limes; and the grain of musk, withont 
sensible alteration, may furnish new odorous particles. In 
calculating the tenuity of each of these, the imagination 
is lost. 
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/However^ notwithstanding the tenuity of these odorous 
particles, they do not pass through glass and metals ; and 
there are certain effluvia which penetrate them ; such as 
-diose of luminous bodies or light, magnetism, and elec- 
tricity. How great then must be the tenuity of the particles 
<tf which tliese consist! But we shall confine our observa- 
tions to light. 

If those particles, the emission of which constitutes light, 
were not of a smallness almost infinite, there is no body 
which could resist the action of the weakest light ; for their 
multitude, and the rapidity with which they proceed from 
the luminous body, are such, that without this prodigious 
tenuity light would break to pieces every body on which 
it might &11, instead of exciting in it that gentle vibration, 
that insensible tremulous niotion, in which heat consists, 
when it has only the density of the light of the sun. 

light, indeed, in à second passes over 128880 leagues, 
or 257760000 toises ; consequently, if a particle of light 
were only equal to the 257760000th part of a grain of lead, 
a. Une in diameter, it would make on our organs the same 
impression as a similar grain of lead impelled with the 
velocity of a toise per second. There is no doubt that 
such an impression would be very sensible to the delicate 
parts of our bodies. But what would it be if millions of 
milHons of such globules should strike against it, and be 
fallowed at an interval of time infinitely small by a like 
quantity of others, as is the case when our body is exposed 
to the light ! No human being could resist it. 

The tenuity of a particle of light then is still far below 
that which we have assigned to it as its first limits. Let 
us endeavour to determine another, that may approach 
nearer to the truth. 

The density of the sun^s light, such as it is when it 
itaches the earth, in our climates, is of such a nature, that 
if diffused throughout a space £50000 times greater, it 
would have a splendour equal to that of the full moon» 
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It is^ probable that the latter, difFused in the like manAèf/ 
would be eqaal, at least, to that of a glow-worm, which* 
enlightens an object at the distance of 10 feet ; conse» 
quently the latter will be found by calculation to be* 
62500000000 times weaker. It is besides very probable,' 
that in the pupil of the eye, which at that distance be- 
holds the light of the glow-worm, there is no part which 
is not itself sensibly enlightened : let us suppose it to be a 
square line of surface, and that this square line is divided 
into 10000 sensible parts ; every moment therefore there 
are 10000 globules of light, which reach the retina, united 
in one imperceptible point, and with the velocity of 
257760000 toises per second, without producing however 
a sensible impression» and even scarcely the perception of 
light. 

If we suppose the same quantity of globules of light' 
thrown by the weakest light on a square line of surface, it 
will be found that in a line square of the sun's. light, there 
arie 625000000000000, and in an inch 90000000000000000. 
This quantity of globules, moved with the velocity of 
257760000 toises per second, and renewed perhaps a 
thousand times in that interval, would produce however 
itk the palm of the hand but a slight sensation of heat ; and 
hence there is reason to conclude, that 900 thousand 
millions of millions of these particles, moved with the 
ab<>ve velocity, make less impression than the shock of a 
leaden ball, a line in diameter, which falls from the height 
of three feet. And hence arises this new consequence, 
that if we suppose the {larticles of light to have the same 
density as lead, each of them compared with a ball of lead 
a line in diameter, is in a less ratio than a 257760000th, by 
90000000000000000 or a 23 1 9 S 400000000000000000000th 
part of unity. 

Such then, at least, is the tenuity of the particles of 
light; and by other reasoning perhaps we might prove 
that it is still much rarer ; so that in all probability the 
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abQVe ratio must be reduced to that of unity to a com- 
parative number of 30 or 3$ figures. But we shall con« 
fioe ourselves to what has been already said, because it is 
sufiicient for our purpose, and to show, as we have done 
elsewhere^ that the sun for several successive ages, may 
furnish, without any sensible diminution, sufficient matter 
for the emission of the light which proceeds from him ; 
and this may serve to answer an objection which has been 
made to the Newtonian theory of light. 

PROBLEM xxn. 

What velocity ought to be given to a cannon bullet j in a Aori' 
zontal direction, to prevent it from falling to the earthy 
and to make it circulate around it like a planet j supposing 
the resistance of the air to be destroyed? 

If a cannon bullet be fired off in a horizontal direction, 
from the top of a mountain, it will fall to the earth, as is 
well known, at a certain distance. If we now suppose 
that the velocity communicated to this bullet is more and 
more increased, it will fall at a greater and greater di- 
stance ; for the parabola, or rather ellipsis, it describes, 
will be broader and broader. We may therefore conceive 
the velocity to be so great, that the bullet shall fall tçt^he 
earth at the point diametrically opposite to that from which 
it was fired. In this case, if the velocity were increased 
Qver so little, the bullet would not touch the earth, but 
would return to the point from which it set out ; describ- 
ing a line similar to that which it before described. It 
would then continually move in an elliptical line, around 
the earth, and really be a small planet, performing its re- 
volution around it. 

The question then is, to find what would be the periodi- 
cal time of this revolution ; for by knowing this time, we 
could easily find the velocity of the small planet, or that 
with which the bullet set out; because nothing would be 
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necessary but to divide the space passed over, which in 
this case is nearly the circumference of the earth, by the 
time employed in passing over it. 

The solution of this problem may be easily deduced 
from the celebrated rule of Kepler ; for if we suppose our 
email planet in motion, it must, compared with the moon, 
perform its revolutions in such a manner, that the squares 
of the periodical times shall be as the cubes of the di- 
stances. But the mean distance of the moon from the 
earth is €Q semi-diameters, and that of the small plauet 
will be equal to the earth's radius, or 1 semi-diameter. 
L We shall consci)uently have this ratio, as the cube of 60 
) or 216000, is to 1, so is the square of the periodical time of 
:fae moon, to the square of the periodical time of the 
■mall planet. But the periodical time of the moon is 21 
days 8 hours, or 656 hours, the square of which is 430336 ; 
if we then say, as 216000 is to 1, so is 430336 to a fourth 
term; we shall have for this fourth term, ^rr^ls» o' '" 
decimals r9923 ; the square root of which 1"4], will ex- 
press the number of hours employed by the small planet 
in its revolution. But 1-41 in hours and minutes is equal 
to 1'' 24° 36'. The small planet, therefore, would per- 
form its revolution in that time; vhich, supposing a great 
circle of the earth to be 24000 miles, gives nearly 282 
miles per minute, or 4"T miles per second. 

If a velocity greater than the above, but less than 149J. 
leagues, were given to this body, it would describe an 
ellipsis, the perigeum of which would be in the point of 
departure. If the velocity of the projection were 149y 
leagues per minute, or greater, the body would not return 
to the earth; for in the first case it would describe a 
parabola, the summit of which would be in the point of 
projection^ and in the second it would describe an hy- 
perbola. 
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PROBLEM XXIII. 

JExaniination of a singular opinion respecting the moon and 

the other planets. 

' It has been said, and the singularity of the conjecture 
has given it some importance, that the moon ihay be no- 
thing else than a comet, which in approaching to or reced- 
ing from the sun, and passing at the proper distance from 
Uie earth, may have been diverted from its course, and 
thus have become that secondary planet which accom- 
panies our earth. For, if we suppose that such a comet, 
having only the projected motion necessary for describing 
a circle around the earth, at the distance of 60 semi-dia^ 
meters from its centre, really passed at that distance from 
our gld[>e, and in a plane inclined to its orbit, it mpst 
iiecessarily, say some philosophers, have become our 
moon. 

This conjecture is supported by some remarks which 
' seem to give it a certain degree of probability. The moon, 
«ly they, when viewed through a telescope, presents tlie 
appearance of a body which has been torrefied ; the cavi- 
ties interspersed over its surface seem to be fissures, oc- 
casioned by the intense heat which caused the moisture it 
contained to escape in vapours; and they add, that no 
appearance of humidity now remains in the moon, since it 
has DO atmosphere. Ail this agrees exceedingly well with 
a comet, which has passed very near the sun. 

It is also to be observed, say they, that the largest 
planets, such as Jupiter and Saturn, have several satellites; 
for as their attraction extended much farther than that of 
the earth, they had a far greater power over the comets 
which passed in their neighbourhood, the motion of these 
comets having been besides lessened in consequence of 
tbeir distance from the sun. The small planets, «uch as 
Mercury, Venus, and Mars, have.no satellites, on account 
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of the smallness of tbeir size^ and the velocity with which 
comets pass them^ in advancing towards^ or receding from 
the sun. 

These ideas are ingeriious ; but this assertion or con- 
jecture, when examined according to the principles of 
geometry, cannot be maintained. 

It is found, indeed, by calculation, that whatever may 
be the position or magnitude of the orbit of a comet, it 
cannot, when it passes near the orbit of the earth, have' 
the velocity necessary to make it become a satellite to it, 
whatever may be the proximity at which it passes; for it 
can be cTemonstrated, that every comet, when it approaches 
the sun within a distance equal to that of the earth, has at 
^that moment a velocity in its orbit, which is to that of the 
earth, as ^^2 is to 1, or as 1414 to 1000. But this velocity 
is far greater than that of the moon in her orbit^ and even* 
greater than that of a planet which should circulate almost 
at the surface of the earth, as the following calculation will 
show. 

The earth in about 365 days passes over an orbit of 597 
millions of miles in circumference: its velocity then in its 
orbit is such, that it passes over in a day 1635616 miles; 
in an hour 68150 ; and in a minute 1 136 ; therefore, if we 
multiply the last number by -rroé, we shall have nearly 
1606 miles for the space which every comet, when it 
arrives at thé distance of the earth from the sun^ neces* 
sarily passes over in a minute. 

Let us'now examine that of the moon in her orbit. The 
mean diameter of the moon's orbit is about 60 times the 
earth's diameter ; consequently its circumference will be 
188 of these diameters ; which, estimating the earth's dia- 
meter at 8000 miles, gives for the circumference of the 
lunar orbit 1504000 miles. This space the moon passes 
over in 27 days 8 hours, wanting a few minutes ; or 27j^ 
days : the moon therefore in her orbit passes over in a day 
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15024* miles ; in an hour 2293, and in a minute 38. Hence 
it is evident^ that if a comet should pass at a distance from 
tbe earth equal to that of the moon, which the comet 
transformed into our satellite might do, it could have a 
velocity of no more than 38 or 40 miles per minute, in« 
T stead of 1606, which every comet necessarily has at that 
distance from the sun. The moon then could not be a 
comet, which passing too near the earth was^ as we may 
say, subdued and carried away by it. 

Let us now see whether the comet in question, by pass- 
ing much nearer the earth, and even close to its surface, 
could be attracted by it. We shall find, by a similar 
calculation, that it could not circulate around the earth ; 
for we have already seen that a body, to circulate round 
our globe near its surface, would require a velocity of 
almost 300 miles per minute. But this is far below the 
velodty which a comet passing very near the earth would 
necessarily have ; for if a body should be projected from 
tbe summit of a mountain, towards the East or West, with 
tbe velocity of 1600 miles per minute, it would recede 
from the earth without ever returning to it, that velocity 
being much greater than is necessary to make it describe 
around the earth any ellipsis whatever, or even a parabola. 
Here then the earth, and no doubt Mars, is excluded 
from the privilege of ever being able to obtain a satellite 
in that manner, and this will hold good much more in re* 
gard to Venus and Mercury. But is this the case with 
Jupiter and Saturn ? We shall examine this question also, 
by employing the same kind of calculations. 
' 'The velocity of Jupiter's 'revolution around the sun, is 
494 miles per minute ; consequently the velocity of every 
4ioaiet advancing to, or receding from tbe sun, when at the 
Mune distance as Jupiter from that luminary, will be about 
^00 miles, in the same time. It is found that the velocity 
^ the first satellite of Jupiter, in its orbit, is S7366 mile* 
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per hour, or 62a per minute : the velocity then of every 
comet which should pass Jupiter at the distance of his first 
satellite, would necessarily be rather mere considerable, 
being about a seventh part more. Hence it follows, that 
neither the first satellite nor any of the rest was originally 
a comet, which this large planet appropriated to itself; 
for the other satellites have a velocity still less than that 
of the first. 

It now remains to determine whether a comet, in passing 
near Jupiter, could be stopped by it« This indeed does 
not appear to be absolutely impossible: for a satellite 
which should perform its revolution near the surface of 
Jupiter would employ a little more than S hours; whicb 
givçs a velocity of 1557 miles per minute. But we have 
jalready seen that the velocity of the comet would be no 
more than -700; which therefore is not too great to make 
s body describe even a circle around Jupiter» very near 
his surface. If a comet then, in advancing to or returning 
from the sun, should fall into the system of Jupiter, be- 
tween him and his first satellite, it might continue to 
circulate around that planet, in an orbit, if not circular, at 
least elliptical, and more or less elongated. 

For let us suppose ab, pi. 2 fig. 13, to be the orbit of 
Jupiter ; and that this planet is at i, proceeding towards 
B, and that the comet is in c proceeding towards d, at an 
angle of about 45 degrees; and that cd denotes the velocii^ 
of this comety which we have found to be greater than tha( 
of Jupiter in his orbit. If de be made equal to the velocity 
of Jupiter, c£ Avill be the velocity of the comet, and even 
its route, in regard to Jupiter, supposed to be fixed and 
without any action on the comet. But on account of this 
action it would describe an inflected route, such as cf, 
which would makç it fall almost in a perpendicular direc- 
tion on the orbit of Jupiter, and with a velocity but little 
greater than that of the first satellite. If at the moment 
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then when Jupiter was in a point i^ so situated as to make 
IF less than the distance of Jupiter from bis first satellite, 
we do not see what could prevent the comet from as- 
suming around him that circular or elliptical motion suited 
to its projectile force ; and if it should perform the revo- 
lution once, it is evident that it ought to continue it. 
. We however confess, that we have not yet examined 
this point so far as to be able to assert that it is fully de* 
monstrated. To be assured of it, the following question, 
which is only a branch of that of the three bodies, but 
which would require too much intricate analysis for this 
work, must be answered. Two bodies i and c, pi. 2 fig* 
14, which attract each other in the inverse ratio of the 
squares of the distances, and in the direct ratio of their 
masses, being projected from the points i and c, accord- 
ing to the directions ib and co, with given velocities, to 
find the curves which they would describe. To simplify 
the problem, we might even suppose one of them, i, to be 
so large in regard to the second, as to be scarcely turned 
aside from its course. 

PROBLEM XXIV. 

How far is there reason to apprehend the shock of a Comet i 
arid what devastation would be thence occasioned on the 
earth? 

What has been said respecting comets in the preceding 
problem, naturally leads us to examine a question become 
«eldMrated by the adarm it occasioned at Paris some years 
ago. Id the year 1774, a Memoir was written by one of 
die Academicians, of which an incorrect account was pro- 
pagated, and in which it was said the author annoaoced 
the speedy approach of a comet to the earth, and that the 
. oSect of this approach would be at least, a rising of the 
«ttters of the ocean, so as to overwhelm our continent* In 
consequence of these reports^ the people of that ca] 
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were thrown into the utmost consternation and uneaânes!(# 
I knew some women who were so terrified, that they did 
not close their eyes for several nights successively; and I 
was even obliged, in order to quiet one of them, to assure 
lier that a ver}' great error had been found in the Acade- 
mician's calculation, and that, on this account, he had 
iialleii into disgrace with the society to which he belonged. 
The motive, I hope, will plead my excuse with that illu8>« 
trious astronomer. I am certain that in so good a cause 
he would have indulged in the same innocent deception; 
for the object was nothing less than to restore rest and 
their former lustre to two eyes capable of deranging the 
observations of the most insensible astronomer» But bow** 
ever, as I have always been devoted, notwithstanding my 
taste for the abstract sciences, to that charming portion of 
the human race, I shall endeavour to tranquillize them^ 
and to prove that the danger of being crushed ac inan« 
datçd by a comet, is not so great as to disturb their 
repose. 

Astronomers long ago conjectured. that a comet might 
become fatal to the earth. The celebrated Whiston, whose 
imagination was rather too powerful for his reasoning fa- 
culty, observing a comet, viz, that of 1680, accompanied 
with an immense tail, began to conjecture that if any of 
the planets should happen to meet with this tail, it might 
by its attraction condense its vapours, and be inundated 
by it. He supposed further, that the deluge had been 
produced by the same cause; and added, that a cometf 
such as that above mentioned, if it approached near the 
sun in returning, might acquire a degree of heat several 
thousand times greater than that of red hot iron ; and con- 
sequently miglit consume our earth, tie was of opinion 
also, that the general conflagration, which is one day to 
destroy the globe we inhabit, will be occasioned in this 
manner. 



8HOCK OF A COMBT; 8t 

These ideas, in which there is more of singularity than 
Ir'uth, are a sufficient proof of what we have already ob^ 
served in regard to Whiston's disposition. It is impossi- 
ble to say what might be the case, if a comet, heated to 
kttch a violent degree, should pass very near us. It is 
probable, considering the rapidity with which it would 
move, when at its least distance from the earth, that we 
should not be much incommoded by it« In regard to the 
danger of being inundated by the vapours of its tail, it is 
entirely void of foundation ; for it may be easily demon- 
strated, that these vapours, which float in a medium as thin 
as ether, must themselves be exceedingly rarefied. There 
is some reason to believe that all this immense tail, re- 
duced to a fluid, such as water, would scarcely furnish 
enough for an abundant shower. In short, the comet al- 
luded to returns only about every 575 years ; consequently 
it will not appear again till about 448 years have elapsed. 

Dr. Halley considered this danger in another manner. 
This philosopher observed, that if the comet of 1680 had 
passed through the ecliptic 31 days later, its distance 
from the earth would not have. been greater than the sun's 
semi-diameter, which is about 441623 miles; and he adds, 
there can be no doubt that such a proximity between 
these two bodies would have occasioned a considerable 
derangement in the motion of the earth ; such as a change 
of its eccentricity and periodical time. May the Author 
of nature, adds he, preserve us from the shock of these 
enormous masses, 'Or even from their contact, which is 
but too possible! He however remarks, that the highly 
varied position of the orbits of comets, and their inclina- 
tion to the ecliptic, which in general is very great, seem 
to be arranged by the Author of nature to secure us from 
10 fatal a catastrophe. 

As the astronomy of comets, since the time of Halley, 
has been enriched with the knowledge of above forty hew 
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ones, it was natural to examine wfaether there was any of 
them which, by some change in tlieir positiun, and the 
magnitude of their orbiis, might become dangerous to our 
earth. This labour was nndertaken by IM. Lalande, in 
consequence of the comet seen in 1170 i and he found 
that there are some of them which, by changing their ele- 
ments a little, might approach very near to the orbit de- 
scribed by our earth. He showed, at the same time, that 
there is no great cause for being alarmed at this supposed 
danger, as several Jhouscinds might be betted to one, that 
if a comet should even pass through the earth's orbit, 
the:e two bodies would not fall in with each other. 

This danger, as may be seen, was at a sufficient distance 
to give no great cause of apprehension ; but be added, that 
if we should suppose such a comet to pass at the distance 
of 40000 miles, it would raise the waters of the ocean, and 
according to its position occasion a dan capable of corer- 
I ing our whole continent, and of sweeping away all its io- 
[ iiabitants,together with their habitations. This augmented 
the danger in a considerable degree; for if 10000 could 
be belted to I that the earth and the comet would not be 
at the same time in the echptic, at the distance of a diame- 
ter of our globe, no more than 2000 could be betted to 1 
that they might not be at the distance of 5 diameters 
'from each other, and consecjuontly that we might not be 
■drowned. But the stake is so great, that even this small 
chance cannot be considered without some uneasiness ; and 
there are people who would not hold a chance in a lottery 
where there is only one blank to a hundred thousand prizes. 
But fortunately all these calculations are founded on 
mppositions which, though they may be realized in the 
course of ages, cannot take place in the present state of 
the universe : for the orbit of no comet hitherto known 
falls in with the path described by the earth in the ecliptic. 
It is indeed true, that, as the orbits of the planets attd 
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comets are subject to insensible variations, it may happen 
hereafter that the orbit of a comet will intersect that of 
the earth; but unless it should absolutely coincide with 
the plane of the ecliptic, that position can be only momen- 
tary: and as the revolutions of the comets are exceedingly 
long, there is a great probability that this position will be 
changed when the comet passes the ecliptic. 

But let us suppose that this position is so constant, that 
a comet, when it passes the ecliptic, shall be exactly in 
the same plane, and in the path of the earth ; and let us 
examine, by consulting the laws of probability, what 
chance there is, that at the moment when the comet is in 
the ecliptic, the earth will be in a point suj£ciently near 
to come in contact with it. The calculation is as follows: 
At the moment when the comet is in the ecliptic, there 
are so many positions for the earth in the same circle as 
there might be terrestrial diameters; but only three of 
these positions are absolutely critical ; for there is one 
which would give a central shock, and the other two, at 
the distance of a diameter before or behind the place of 
the comet, would give merely a superficial shock. But it 
is found, that the circumference of the earth's orbit con- 
tains the diameter of the earth 72450 times ; and if this 
mimber be divided by 3, the quotient will be 24150» 
Hence if we suppose a comet to be in the path of the 
earth, 24150 might be betted to 1, that the latter would 
not be exposed to any shock, even of the most superficial 
kind» We may add also, that this dangerous position of 
the comet is, as we may say, the afiair of a moment ; for 
b crossing the earth's orbit, it has a velocity of 4000 miles 
per minute ; consequently the danger would not last above 
S minutes. Some danger certainly might be apprehended 
if the earth, when a comet is in its proximity, should move 
in so irr^ular a manner as to iall in with it, and to block up 
its way. 
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The danger of our globe being inundated by the rising 
of the waters of the ocean is still more unfounded, even if 
the comet should pass at a very moderate distance from itf 
such as that of 36000 or 40000 miles, which is about à 
sixth part of the distance of the earth from the moon. It 
is indeed true, that if we suppose a comet to fall in exactly 
with the orbit of the earth, it is only 1 to about 7200, that 
Our globe may not be at a greater distance from it than 
four or five times its diameter; but the rapidity with 
which the approach would take place, and with which thie 
two globes would afterwards recede, would not allow the 
waters sufficient time to rise so as to inundate our conti-* 
Dent; for à certain period would be required, to commtt* 
nicate to thé enormous mass of the waters of the ocean 
such a movement as that of the flux and reflux. A proof 
of this is, that the flux, even in the open seas, does not 
happen till some tiqie after the moon's passage of the me- 
iridian ; and that the high tides, at the new and full moons, 
do not occur on those days, but on the following ones. 
But if a comet should arrive at the earth's orbit, it would 
traverse our lunar system nearly in the course of an hoar; 
consequently it could produce only a very slight motion 
in the open seas, such as the Pacific Ocean. Some of tha 
small islands interspersed in it, which are almost on a level 
with the water, might be overwhelmed ; but our continent 
would absolutely be sheltered from such a misfortune. 

The most singular circumstance, in regard to the terror 
spread throughout Paris, in <;onsequence of an incorrect 
account being propagated of M. Lalande's Memoir, was^ 
that the greatest danger to which the^ea»*th had been eaD* 
posed in the course of several ages was then past ; for of 
all the comets hitherto known, that of the year 1770 ap- 
proached nearest to the earth. On the 1st of July it wag 
at the distance of 2250000 miles, which is only about 9 
times the moon's distance from the earth. 

We shall here observe, that a comet, nearly as large as 
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the earthy and traversing the heavens with a velocity equal 
to that above mentipned, would be a grand and magnifi- 
cent spectacle to astronomers. What a noble phenome* 
noDy a new star of nearly 9 degrees apparent diameter^ 
passing over, by its own motion, about 180 degrees of the 
heavens in the course of two hours! What astronomer 
would not wish to behold such an uncommon phenome- 
non, were it even to occasion some catastrophe to the small 
nninhabited and already half inundated islands of the vast 
ocean? 

It has however been calculated, that this can never tal 
place, without some great derangement in the motion 
our globe* M. Séjour has found, that if a comet, as large 
as the earth, should pass it, at the distance of about 40000 
miles, it would change its periodical revolution ; and this 
revolution, instead of 365 days 6 hours and some minutes^ 
would become 367 days and some hours. But no physical 
evil would thence result to the universe. Astronomers in- 
deed would have to recalculate their tables, which would 
be thus rendered useless ; chronologists would be under 
the necessity of altering their method of computing time, 
and states would be obliged to change their calendars; 
|>ot this would only furnish matter for new speculations, 
and afford more occupation to the learned* 

THEOREM I. 

Â pound of cork weighs more than a pound of lead or of gold. 
— A body weighs more in summer than in winter. 

These two propositions, on the first view^ may appear 
to some of our readers a paradox ; but when they have 
read the following reflections, the paradox will vanish. 

When bodies are weighed in air, which is.commonly the 
€ase, they are weighed in a fluid which, according to.tbe 
laws of hydrostatics, always destroys a portion of .their 
weight equal to that of a similar volume of the fluid : hence 
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a cubic inch of lead or of gold, for exiimple, when weiglred 
in air, loses of its absolute weight a quantity equal to the 
weight of a cubic inch of air-, and the case is the same 
with all other bodies. A pmmd of cork, under the same 
circumstances, loses a quantity of its weight equal to that 
of ;i volume of air of the same size as the cork. But the 
volume of a pound of cork is much greater than that of a 
pound of gold or of lead ; consequently a pound of cork 
.when weighed in air, has a greater absolute weight than a 
pound of gold ; because, though tlie weight of the former 
hp diminished by the weight of a greater quantity of idr 
than the latter, they still remain equal. 

This reasoning is confirmed by experience; for if a 
\ pound of gold or of lead, and a pound of cork, suspended 
from a good balance, be brought into equilibrium, and 
if the whole be then covpred with the receiver of an ait^ 
pump ; when the air is exhausted, the cork will be ioime- 
diately seen to preponderate. In this case, indeed, the 
weight of the cork is increased by the weight of an eijual 
volume of air ; and that of the gold is also increased by 
the weight of a volume of air equal to itself. But the for- 
mer is much greater; consequently the equilibrium must 
be destroyed, and the cork must preponderate. Having 
thus explained the first paradox, we shall now proceed to 
the secotid. 

In suniiuer the air is dilated by the heat, and it^ density 
being tiius lessened, the necessary result is, that the same 
volume of air is lighter ; consequently each ol the bodies, 
brought into equilibrium, loses less of its weight than when 
the air is denser. But this effect is not produced in the 
same proportion : the pound of cork, for example, in com- 
mon air loses 4 grains of its weight, and therefore has an 
absolute weight of I pound 4 grains; while the pound of 
gold, losing only half a grain, weighs in reality 1 pound 
and half a grain, la air, dilated ao far as to weigh a half 
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kss, a volume of air equal to the volume of cork, will 
weigh only 2 grains ; and the volume of air equal to that 
of the gold will weigh no more than a quarter of a grain ; 
hence the pound of cork weighed in common air will 
weigh in this rarefied air 1 pound 2 grains ; and the pound 
xif gold 1 pound and a quarter of a grain ^; the cork there- 
fore will preponderate* 

COROLLARIES. 

I. From what has been said, this consequence may be 
deduced : that two weights in equilibrio at the surface of 
the earth, will not be so when carried to the summit of a 
mountain. For, on the summit of a mountain the air is 
more dilated, and therefore, according to the above rea- 
soning, tlie equilibrium will be deranged, and the most vo- 
luminous body will preponderate. 

II. The contrary will be the case if the bodies be in equl- 
iibrio at the summit of the mountain, and be then weighed 
at the bottom of it ; or if they be weighed at the surface 
of the earth, and be then carried to the bottom of a mine. 
In this case, the most voluminous will become the lightest. 

III. It would therefore be attended with advantage, to 
purchase gold in summer, and sell it in winter; or to pur- 
chase it in a cold place, and to sell it in a stove. For gold 
is generally weighed with copper or brass weights, which 
in summer lose less of their absolute weight than they do 
in winter: hence it follows, that in summer they weigk 
more. By these means therefore, a larger quantity of gold 
will be obtained in summer than in winter ; coasequentlj^, 
by selling it in winter the buyer will get less. 

In purchasing diamonds, a contrary method ought to be 
pursued, because they are weighed with copper weights^ 

* We mast observe that the weights here given by way of example, «re 
French. See the Tables in the second volume. 
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.which are specifically heavier. If a weight of copper then 
be in equilibrio with a weight of diamonds, in air, of a 
mean temperature ; on transporting them into cold air, 
the copper will preponderate ; and the contrary will be 
the case when they are transported into warmer air. Dia^ 
monds therefore ought to be purchased in cold air, or in 
winter, and to be sold in summer, or in warm air» 

The difference in both cases is however so small, that it 
would be a poor speculation to purchase diamonds in win- 
ter, with a view of selling them in summer, or to buy gold 
in summer in order to dispose of it in winter. But the 
spirit of the mathematics is capable of showing and appre- 
ciating the difference ; and though this phenomenon may 
be of little use in traffic, it is nevertheless a physical and a 
mathematical truth. 

THEOREM II. 

J\t}o homogeneous weights which are in equilibrium at th^ 
surface of the earth, when suspendedfrom a balance with 
unequal arms, will not be so when carried to the summit of 
a mountain, or to the bottom of a mine. 

Let us suppose a balaiice^ pi. 3 fig. 15, with unequal 
arms, ab and bd, to be loaded with the two weights p 
and Q, which are in eqtnlibrio, and therefore unequal: if 
the balance be in a horizontal situation, these weights, as 
they tend to the centre of the earth, which we suppose to 
be c, will form with the balance the unequal angles cab 
and €db: consequently the angle a, at the larger arm, 
will be the least. From the point b, let fall on the lines 
of direction ac and dc, the perpendiculars be a. id bf: by 
the laws of mechanics these perpendiculars will be in the 
reciprocal ratio of the weights, so that be will be to bf, 
in the samp ratio as the weight p to the 'height q ; that is 
to say, the product of p by bf will be equal to that of q 
by be. 
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' Now let the balance be removed nearer to the centre of 
direction, or^ what amounts to the same thing, let the 
centre be brought nearer, as to c for example, by which 
means the new directions will be ac and dc; and let ne 
and s/'be the new perpendiculars to these lines of direo* 
tion : if the ratio of s/'to se be the same as that of bf to 
BE, or of Q to p, there will still be an equilibrium ; but it 
may be easily demonstrated, that this ratio is no longer 
the same : consequently tlie product of q by Be, will not 
be equal to that of p by b/'; and therefore there will no 
longer be an equilibrium. It can even 4)e shown that, 
when the centre is brought nearer, the ratio of Be to be, 
will be less than that of s/'to bf ; hence it follows that Be 
will be less than is required to make these ratios equal; 
and in this case the weight, nearest the point of suspen* 
non, will preponderate. 

For the same reason, the contrary effect will be pro- 
duced, if the balance be re.noved farther from the centre, 
by transporting it, for example, to the summit of a moun- 
tain. 

It may here be asked, why does the equilibrium subsist, 
notwithstanding this demonstration ^ the reason is plain : 
the centre of the earth is always at so great a distance, 
compared with the length of such a balance, that the lines 
iof direction are sensibly parallel, at whatever height or 
depth above or below the surface of the earth they may be 
placed. The difference therefore, from an exact equili- 
brium, is so small, that it cannot be observed with the 
most perfect balances constructed by the art of man. 

PROBLEM XXV. 

Of the Central Fire, 

Those acquainted with the phenomena observed by dif- 
ferent philosophers, in the interior parts of the earth, can- 
not help acknowledging that the surface, eveo in our cli- 
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mates, is subject to vicissitudes of heat and cold which we 
experience. At a certain depth, not very great, for it is 
sufScient to descend only about a hundred feet, the heat is 
constantly the same, that is to say, about 10 degrees of 
Reaumur's thermometer, or 54è of Fahrenheit. This is 
observed the same in all climates, and in all countries. 

It is evident therefore, that the earth, independently of 
the variable heat of tlie sun, has a source of heat peculiar 
to itself, from whatever cause it may arise. 

Nay, we shall here show that the degree of heat which 
the presence of the sun, during several months of the year, 
adds to the internal heat of the earth, or that which it loses 
by his absence, is only a small part of the internal heat. 

To suppose indeed that the degree of cold which freezes 
water, is the zero, or the degree of heat, would, as be- 
fore observed, be erroneous ; for heat and cold are merely 
relative terms. If the common liquors of our earth were 
of the nature of spirit of wine, as the fluids of our bodies 
would then be proof against congelation, unless they were 
exposed to a diminution of heat beyond that at which spirit 
of wine freezes, it is more than probable that we should ex- 
perience no disagreeable sensation by living in a tempera- 
ture similar to that which congeals water; on the other 
hand, if our liquors were of such a nature as to freeze at 
the degree at which wax begins to become fixed, we 
should probably experience at this temperature the same 
sensation as we experience at that which congeals water. 
Every degree above that term would be heat, and every 
degree below it would be cold. 
* Besides, there is no doubt that an absolute degree of 
cold would congeal all liquors. But spirit of wine con- 
geals only at 29 degrees below zero of Reaumur's thermo- 
meter: there is still heat therefore at 28 degrees, though, 
on 'account of the disagreeable sensation which we expe- 
rience, we call it severe cold. We cannot however sup- 
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pose that this is the ultimate degree of cold. Several rea« 
sons, which it would be too tedious to explain here, give 
reason to think that this absolute degree of cold is a thou- 
sand degrees, at leasts below the zero of Reaumur's ther« 
mometer. 

But let us confine ourselves to the 240th degree, which 
we shall assume as that of the absolute privation of heat^ 
and let us suppose a thermometer the zero of which is 
placed at that term ; or, let u» substitute, in one of our 
common thermometers, the degree 240 for that usually 
marked zero, which is only the degree of the congelation 
of water : in this case we shall have 250 degrees for the 
term which we call temperate. But taking the mean de- 
gree of heat during summer in our hemisphere, it will be 
found, that it does not exceed 26 degrees above that of the 
congelation of water, and consequently 16 above tempe- 
rate: hence we have for this degree of heat the absolute 
degree of 266. The thermometer therefore will vary from 
temperate to the greatest heat, 16 degrees in 250, which 
is somewhat less than the 15th part. 

It will be found, in like manner, that the mean degree 
of die cold of winter, in our northern hemisphere, is 6 de- 
grees below congelation, according to the rate of Reaumur's 
thermometer ; that is to say, 16 degrees below temperate : 
hence the mean diminution of heat below temperate, oc- 
casioned by the absence of the sun, is about a 15th part of 
the beat marked by the degree 10. Hence it follows, that 
from winter to summer, the variation of the heat is at most 
only 4, or as 7 to 8. But it is highly probable, as M. 
Mairan has shown, in the Memoirs of the Academy, for 
1765, and Buffon in the supplement to his Natural History, 
that the ratio of this variation is much less. 

The former fixes it at y\, or as 31 to 32 j and the latter 
at -^9 or as 50 to 5 1 . But let us confine ourselves to the 
ratio we have formed, in order that we may set out from 
a principle fully proved. 
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The conclusion we thence form, and it is a consequencer 
which cannot be denied, is as follows: In the globe of the 
earth there is a degree of constant heat, which is at least 
V or 8 times as great as that produced by the presence of 
the sun while he illuminates it in the most advantageous 
manner for heating it. Here then we have a fire, or 
source of heat, which may be called central. It now re- 
mains that we should examine the cause of it. 

According to some philosophers, this fire is merely the 
effect of the continual effervescence occasioned by the mt 
neral matters inclosed in the bowels of the earth, when 
they meet and become mixed with each other. Iron, 
which appears to be universally diffused throughout na- 
ture, and which communicates its colour to argillaceous 
earths, produces, as is well known, a violent effervescence 
with the vitriolic acid, which is also very abundant. Hence, 
say they, is the cause which excites and maintains in the 
bowels of the earth that continual fire by which it is heated, 
and which often manifests itself by the eruptions of volca- 
noes, dispersed in considerable numbers over its surface : 
volcanoes, according to these philosophers, are the chim- 
neys or spiracles of this central fire. 

It would be diiSBcult to show the absolute falsity of this 
opinion : but it does not appear that a fire of this nature 
can be general throughout the bowels of the earth. The 
number of the volcanoes, which exist at its surface, is too 
small to have a cause so general : there are even very few 
of them that burn without interruption. The central fire, 
however, if it be real, must be constant and perpetual ; 
and therefore it is necessary that we should recur to some 
other cause. 

Another, which has long appeared to possess a great de- 
gree of probabihty, is as follows. The ct* ntral heat, say 
some philosophers, is nothing else than the heat which the 
body of the earth, continually warmed by the sun, has ac- 
quired in consequence of the presence of that luminary. 
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But let US render this idea more familiar by an experi- 
ment. 

If a globe of iron, which revolves round its axis in a de- 
terminate time, and which has been cooled to the degree 
of ice, as well as the surrounding air, be exposed before a 
fire, the impression of the (ire will first heat the surface, 
and the heat will gradually penetrate to its interior parts; 
so that after a great number of revolutions the globe will 
acquire such a degree of internal heat, that it will be inca- 
pable of receiving more ; and the presence of the fire will 
only serve to make it retain that which has already been 
communicated to it. 

It may be readily conceived also, that the nature of the 
globe, or its distance from the fire, may be such, that this 
constant degree of heat shall not be very remote from that 
of the congelation of water. 

In this case, what will be the result ? as it is the surface 
of bodies that always begins to lose the heat they have ac- 
quired, because it loses more by its contact with the air 
than is furnished to it by the interior parts, it will necessa- 
rily happen, if the surrounding air be nearly at tbe degree 
of congelation, that the part of the surface which is illu- 
minated obliquely, or that which by a slower revolution 
is opposite to the side next to the fire, will lose a little of 
its heat ; and as we suppose the mean heat, which the 
globe has acquired, to be not far distant from the degree 
of congelation, like the temperature of the earth, the sur* 
face, in those parts less favourably exposed to the action 
of tbe beat, may assume a degree of cold equal to that of 
ice. Consequently, if there were on the surface of this 
globe some matter, such as wax or water, susceptible of 
melting and congealing alternately, it would certainly ex* 
perience these alternations : it might even happen that it 
would remain constantly frozen in the neighbourhood of 
the poles; thus it would alternately melt and be con- 
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geated, in tlie mean parts between the poks and the 
equator, and it would alnays remain Suid in the environs 
of the equator. 

But this is esactlj' what takes place at the surface of the 
earth : exposed for a great number of ages to the benign 
influence of the sun, the heat has been communicated to 
its most interior parts, and this internal heat is what is 
' called the central fire: it is continually receiving an ad- 
ditional quantity, and this makes up for the loss of that 
dissipated at its surface, by the contact of the air which is 
less heated. In a word, as the iron globe above mentioned], 
would possess, to the depth of several lines below its sur- 
face, a heat nearly constant, the degree of heat vphich pre- 
vails to some depth below the surface of the earth is, in 
like manner, almost invariable*, 

But it is difficult to believe that the mass of the earth, 
if deprived of all heat, and exposed to the sun, could ever 
acquire that heat which it seems to possess. How many 
ages, or millions of ages, would be necessary, before a beat, 
so feeble as thai of the sun, could melt an ocean entirely 
congealed, and insinuate itself into its bowels! In our 
opinion, the ice melted at the line by the presence of the 
sun would have been again congealed during the twelve 
hours of his absence; so that the globe exposed in this 
state to the sun, would bave remained in it to eternity, bad 
not some other powerful cause suddenly communicated to 
it that fund of heat, which by vivifying nature renders the 
earth habitable, and susceptible of vegetation. 

A third cause of the centrai heat remains to b^ examin- 
ed: it is that of Buffon. 

According to this celebrated philosopher, the earth and 
other circum-solar planets were formerly a part of the sun, 

■ We say alinoit iniarjsble, becauie ve are acquainted wilb Sm olMervn- 
tions of tlie Ihermonieter in liublerrancuD place», beaidei thuse oiide in the 
careriii beldw tbe observatory M. Parts. 
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Rod were detached from its surface by a comet, which 
entering it to some depth, projected the fragments to dif- 
ferent distances. While they were in a state of fusion, 
each of them, in consequence of the laws of universal gra^ 
vitation, must necessarily have assumed a globular form. 
The more considerable masses, such as Venus, the Earth, 
Mars, Jupiter, and Saturn, being projected in this manner, 
flew oif in a tangent, which, together with the attractive 
force of the sun, made them describe, around that lumi- 
nary, orbits 'more or less elongated. Such of these new 
planets as had smaller fragments accidentally in their 
neighbourhood, overcame them in some measure ; and 
these fragments, turning around the larger ones, in conse- 
quence of the same laws, became their satellites. In this 
naanner, the earth, Saturn, and Jupiter acquired those 
moons by which they are accompanied. 

If this generation of the earth and circum-solar planets 
be admitted, it is evident that these globes were at first 
fluid ; and this may serve to explain their formation into 
folate spheroids ; for the earth and other planets must 
have necessarily been, during the course of some time, 
âther in a state of fusion or of semi-fluid paste ; otherwise 
their diurnal motion could not have given them that form 
which they possess. But let us set out from their sup- 
posed state of fusion. Masses of so considerable a size as 
Venus, the earth, See, could not certainly cool in a day or 
a year, nor even in twenty centuries. They first passed 
from a state of fusion to that of solidity ; they remained 
long impregnated with a quantity of fire, which rendered 
them uninhabitable. At length, their surface has gradu- 
ally cooled, till they retained only that degree of heat ne- 
cessary for animal life, and to render them susceptible of 
vegetation. The interior parts of the earth still possess a 
more considerable degree of heat than the surface, and this 
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heat must go on increasing towards the centre. Such it 
the central fire. 

But by a necessary consequence of the cause of this fire, 
it must always decrease, so that a small portion of it is 
every day lost. It appears indeed, that the fertility of the 
earth daily decreases^ and that mankind degenerate, both 
in size and in strength. This diminution however cannot 
be proved : we have not been long enough possessed of 
an instrument proper for measuring heat ; it is not much 
above half a century since comparative thermometers were 
invented. But if it be found, 500 years hence, for ex* 
ample, that the constant heat in the caverns below the 6b« 
servatory of Paris, is not more than 7 or 8 degrees^ instead 
of 9|, which it is at present, the progressive cooling of the 
mass of the earth will be a fact, which can no longer be 
doubted, whatever may be the cause of that heat, and of 
its decrease. 

We must however observe, notwithstanding our respect 
for the illustrious philosopher who is the author of this 
idea, that there are many difficulties in regard to this 
formation of the earth and planets, which it is not easy to 
resolve. 

1st. If the planets were formed in this manner, it is diffi- 
cult to conceive how the comets could have a different 
origin ; and if the latter were planets circulating around 
the sun, the Sovereign Cause, who arranged the universe, 
could, with equal ease, have formed the planets in the 
same manner. 

2d. It seems difficult to reconcile with the laws of mo- 
tion and universal gravitation, the position and dimension 
of the orbits of these new planets; for according to what 
has been demonstrated by Newton and others, since they 
proceeded from the sun, in a line nearly a tangent to liis 
surface, and from a point of his surface, they ought at each 
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resolution to pass through the same point : this however 
is not the case ; on the contrary, the orbits of the planets 
are nearly circular. 

It appears also, that in this projection the largest masses 
could not go to the greatest distances, and describe the 
largest circles; it would seem that the smallest planets 
ought to be the most distant from the sun ; for if several 
bodies are thrown promiscuously by any force whatever, 
the smallest will be projected with the greatest velocity. 

In short, the effect of such a projection is beyond calcu- 
lation ; and it may be said also that the comet in question, 
while it ploughed the surface of the sun, communicated to 
it an impulse which made it change its place» This comet 
indeed, which could carry with it at once such masses as the 
planets, must have been of an enormous size, and imping- 
ing against the sun with immense velocity, could not fail 
to cause a small displacement of that luminary, which is 
in the centre of our system, in a kind of inert state. 

Remark.— Whatever may be the fate of these ideas^ 
the following are some of the consequences which BufFon 
deduces from his system on the formation of the earth, 
and which are too curious to be omitted in a work of this 
Innd. 

Setting out from his principles on the formation of the 
earth and the planets, Buffon made a series of very curious 
experiments, to determine in what ratio the refrigeration 
of different masses of matter takes place, according to 
their nature and size ; and from these experiments he con- 
cludes : 

That a globe, such as Mercury, must have required 
2121 years, to be consolidated to the centre; 24813 to 
become so cold that it could be touched ; 54192 to be re- 
duced to its present temperature ; and in the last place^ 
that it would require 187775 to become so cold as to have 
only the 25th part of its present temperature; for the 

VOL. IV. H 
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«ake of brevity we shall call these the Ist, 2(1, 3d, and 4th 
«pochs. 

Tliai Venus must have employed 3596 years in the first 
epoch ; 41900 in the second -, 91600 in the third, and that 
228540 would be required for the fourth. 

That the earth employed in the first epoch 2936 years ; 
in the second 34210; in the third 74800 ; and that 16812 J 
,will be necessary before its temperature is reducpjJ to a 
S£th part of what it is at present. 

The earth therefore has existed 1 12 thousand years ; and 
hence it follows, that Mercury passed the degree of the 
present temperature of the earth 30000 years ago ; and 
that it bas even lost already six of the 25 degrees which 
xemained to it. 

That the moon employed only 6*4 years in the first 
epoch; 1515 in the second; 164<09 in the third, and 
12514 in the fourth. 

Hence, the moon, 15000 years ago, was reduced to such 
a degree of coolness, as to have only a 25th part of the 
heat of our earth. It needs therefore excite no astonish- 
ment, that she should appear to us as an accumulation of 
ice, and that she exhibits no signs of living nature. If 
she bad inhabitants, they must long ago have been coor 
gealed. 

Mars employed 1130 years in becoming solid to the 
centre: 13000 in the second epoch ; 28533 in the third; 
and 60,300 in the fourth: consequently this planet has 
been useless for 9 or 10 thousand years. 

In regar I to Jupiter, the case is digèrent : he must bave 
employed 9400 3'cars in the first epoch, and will require 
llO/K» for the second. But it is only 112000 years since 
tlie earth and Jupiter were formed ; consequently T or 8 
thousand years will be necessary, before Jupiter can be 
cooled to such a degree, as to admit placing the foot upoD 
k, without being burnt. When it attains to this epucb^ 
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*ît will require 240400 years before it be reduced to our 
present temperature ; and then 483000 to lose nearly the 
whole of its heat. This globe then will begin to be 
habitable, when we are rendered absolutely torpid with 
cold. 

In the last place, Saturn employed 5140 years in be- 
coming fixed to the centre ; and required 59900 before be 
was fit to be touched : the duration of his third epoch will 
be 130800 years; and of this epoch, above 47000 years 
have already elapsed; so that it will be above 84000 
years before his temperature is reduced to that of the 
earth. 

In regard to the satellites, we shall only observe that the 
greater part of them are in a habitable state, and fit for 
vegetation, the fourth of Jupiter excepted, which is al- 
ready advanced in its fourth epoch : the third of Saturn 
is nearly at the same degree of temperature as the earth» 
but rather somewhat warmer ; the fourth is considerably 
advanced in its fourth epoch; and the fifth must have beejn 
a mass of ice for nearly 50000 years. 

PROBLEM XXVI. 

Construction of the Barometer, — To measure the Fariations 

of the Gravity of the Air. 

The barometer is one of those instruments, for the dis« 
covery of which we are indebted to the 17th century, a 
jperiod that gave birth to a great many happy ideas. Thi« 
instrunieot, which serves to determine the variations that 
take place in the gravity of the air, derives its name from 
two Greek words, fiap^ç and lAstpnyj the former of which 
lignifies weight, and the latter to measure. It was the in- 
vention of Torricelli, a disciple of the celebrated Galileo, 
who employed it chiefly to prove the gravity of the air in 
which we live and breathe. But it was Pascal who first 
discovered its variations, by means of the famous etpen- 

H S 
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ment which he caused his brother-in-law to make on the 
Puy-de-Dome, a mountain in the neighbourhood of Cler- 
mont. It enabled him to demonstrate, in the most evident 
manner, the gravity of the air, which some still persisted 
to deny, notwithstanding the experiment of Torricelli. 

A barometer may be easily constructed without much 
expence. Provide a vessel, some inches in depth, filled 
with mercury, and a glass tube 30 or 35 inches in length, 
hermetically sealed at one end. Invert the tube, that is 
to say turn the sealed end downwards, and fill it with 
mercury ; apply your finger to the top so as to keep it 
shut, and having turned the sealed end uppermost, ita- 
merse the open end into the mercury in the vessel, and 
remove your finger, so as to allow the mercury in the tube 
to have a communication with that in the vessel: the 
column of mercury contained in the tube will then fall» 
but in such a manner that its upper extremity will remain 
about 28 inches, more or less, above the level of the mer- 
cury in the vessel, if the experiment be performed at a 
small height only above the level of the sea. In this man- 
ner you will have a barometer constructed ; and if by any 
contrivance you can fix the tube, thus immersed in the 
mercury, the end of the column of mercury will be seen 
to fluctuate between the height of 27 and 28 inches, or 29 
and 30 inches English, according to the different constitu- 
tions of the atmosphere. 

This is a barometer of the simplest kind, and such as it 
was when it came from the hands of Torricelli. At present, 
a glass tube, from 33 to 86 inches in length, is employed; 
it is hermetically sealed at the one end, and bént at the 
other, after having been dilated at an enameller's lamp, so 
as to resemble a phial, as seen in the figure, pi. 3, fig. 16. 
This tube is filled by incUning it, and pouring in the mer- 
cury at different times, in such a manner, that when placed 
upright the mercury in the phial risçs only to about half 



CONSTBUCTION OF BABOMETERS. 101 

itsheighty as ab. The difierence between the line cab 
and the line de, at which the mercury maintains itself, is 
the height of the column which counterbalances the pres- 
sure of tlie atmosphere, as may be easily conceived. This 
glass tube, when filled with mercury, is affixed to a piece 
of board, more or less ornamented ; the interval between 
the 28th and 31st inch above cb, is divided into tenths, 
and the words settled weather^ fair y changeable ^ rain^ stormy ^ 
are inscribed at equal distances, beginning at the line of 
28 inches. Such is the construction of the barometers 
commonly sold in the shops; but to render them good, 
some precautions are necessary. « 

1st. The diameter of the phial, or lower receptacle of 
the mercury, must be considerably larger than that of the 
tube, otherwise the line ab, as may be easily perceived, 
will sensibly vary as the mercury rises or falls. 

2d. The mercury must be purified from air as much as 
possible, or at least to a certain degree ; and the tube ought 
to be heated and rubbed in the inside, to remove the 
moisture and dust which generally adheres to it ; other- 
wise there will be a disengagement from it of air, which 
occupying the upper part of the tube, will, by its elas- 
ticity, form a counterpoise to the gravity of the atmo- 
sphere, and cause the column to remain lower than it ought 
to do. This air also, being dilated by heat, will produce 
on the column of mercury a much greater effect, so that 
its motions will depend both on the heat and gravity of 
the air, while it ought to depend on the latter cause 
alone. 

PROBLEM XXVII. 

Does the suspension of the mercury in the barometer depend 
on the gravity or the elasticity of the airf 

. We introduce this question, merely because it has beea 
discussed in some books of natural philosophy, the author;» 
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of which have determined that this phenomenon 

ascribed to the elasticity, and not to the gravity of the 
, The following analysis will show how ill founded is 
the reasoning of those who entertain this opinion. 

In this question there are two cases. In one of them 
the barometer is supposed to be placed in the open air j 
and this properly is the one which we here propose to 
examine. In the other, it is supposed to be shut up in a 
room so close, that no air can penetrate to it ; or under 
t3ie receiver of an air-pump, from which the air is ex- 
lejuded. 

It is evident, in the second case, that the cause of the 

I Mspension of the mercury is the elasticity of the air alone ; 

E bat to extend this to the case where the barometer is ex- 

I posed to the open air,is reasoning, we will venture to say, 

n a manner unworthy of a philosopher. 

To ascertain to which of the two causes the suspension 
of the mercury in the barometer, exposed to the open air, 
ought to be ascribed, let us suppose the air to be deprived 
of itK weiglit or elasticity ^ and let us examine what would 
be the consequence. 

If the air were deprived of its elasticity, it is evident 

that it would fall back upon itself, and form around the 

, earth a kind of ocean of a peculiar fluid, the height of 

I which would be much less than that of our atmosphere j 

i^ut it would still have the same weight, for a bail of air 

irhich has lost its elasticity, and is reduced to a less volume, 

weighs as much as it did, when in consequence of its ela»> 

ticiiy it occupied a much larger space. The mercury in 

the barometer, if immersed to the bottom of this fluid, 

f Would sustain neither more nor less pressure, and conse- 

I qliently would maintain itself at the same height. 

l^t us now suppose, on the other hand, that the air, 
preserving its elasticity, has lost its gravity. In this case, 
as the pans of the air would experience no impediment to 
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recede from each other, that is to say, as their elasticity 
would not be compressed by the weight, resulting from 
the force exercised by the superior on the inferior parts, 
the sdr would be dissipated, without exercising any action 
on the column of mercury ; unless we suppose, at the top 
of the atmosphere, a transparent arch to confine the elas- 
ticity of the air ; for it is necessary that a spring, to exer-^ 
cise an action with one of its extremities, ought to rest 
against some fixed point widi the other. But as such a 
supposition is ridiculous, it is evident that what confinea 
the spring or elasticity of the air is its weight. 

Since the air then, if deprived of its weight, and endowed 
with all the elasticity possible, would have no action on the 
mencurj in the barometer ; and, on the other hand, as it 
would still maintain the mercury at the same height, 
tiiough deprived of its elasticity, provided it retained its 
weight, it may be asked to what cause this suspension 
ought to be ascribed ? The answer is so easy that it is 
needless to mention it. 

PROBLEM XXVIII. 

Use cfthe barometer toforetel the approach affine or of had 

weather. Precautions to be observed in this respect^ in 

order to avoid error. 

One of the principal uses of the barometer, is to foretel 
die approach of fine or of bad weather. Experience has 
indeed shown that the rise of the barometer, above its 
mean height, is generally followed by fine weather ; and, 
on the other hand, ^hat when it falls below that height, it 
indicates the continuation or approach of rain* These 
mles however are not absolutely general, and infallible, 
also has a great influence on the rise or fall of the 

ircury in the barometer; and therefore we think it ne* 
senary to give a few rules, founded on observation^ wbicb 
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may enable those who have barometers to form a more 
certain opinion respecting their indications. 

1st. The rising of the mercury announces, in general, 
fine weather ; and its fall is a sign of bad weather, as rain, 
snow, hail, or storms. 

2d. During very hot weather, a sudden fall of the mer- 
cury indicates a storm of thunder. 

3d. In winter, the rising of the mercury presages frost ; 
and in the time of frost, if the mercury falls thiree or four 
lines, it announces a thaw; but if it rises during a con- 
tinued thaw, snow will certainly follow. 
- 4th. When bad weather takes place immediately after a 
fall of the mercury, it will not be of long duration ; and 
the case will be the same in regard to fine weather, if û 
speedily follows a rise of the mercury. 

5th. But during bad weather, if the mercury rises a 
great deal, and continues to do so for two or three days, 
before the bad weather is past, a change may be expected 
to fine weather, which will be of some duration. 

6th. In fine weather, if the mercury falls very low, 
and continues so for two or three days before rain takes 
place, there is reason to conclude that the rain will be 
violent, of long duration, and accompanied with a strong 
wind. 

7th. Irregularity in the motion of the mercury, an- 
nounces uncertain and variable weather. 

Such are the rules given by Desaguliers, according to a 
series ,of observations made by Mr. Patrick, a celebrated 
constructor of barometers, at London. 

But there can be no doubt that they are liable to ex- 
ceptions and variations. 

It is known, for example, that in the countries situated 
between the tropics, the barometer scarcely varies; on 
the borders of the sea it always maintains itself within a 
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few lines more or less of 28 inches». X^is is a pheno- 
menon difficult to be explained ; and no reason ever yet 
assigned for it, appears satisfactory. Those therefore 
would be deceived who should apply the above rules to a 
barometer, transported to these countries. 

It frequently happens also, that the falling of the mer- 
cury takes place without any rain ; but in that case a con- 
siderable degree of wind prevails, if not in the lower, at 
least in the upper part of the atmosphere ; for Mr. Hauks- 
bee contrived an experiment, by which he produced that 
efiect on the barometer artificially. 

PROBLEM XXIX. 

H(m comes it that the greatest height of the barometet an- 
nounces fine weather J and the least the approach of rain or 
of bad weather^ 

Those not acquainted with the progress of the barome- 
ter, and who are ignorant that the mercury generally rises 
when the sky is serene and the air very pure, and that its 
fall, on the other hand, generally takes place before rain, 
would no doubt judge differently, and suppose that the 
mercury ought to fall when the air is serene and pure, and 
to rise when the air is charged and impregnated with va- 
pours; for it is natural to believe, .that pure and serene 
air is lighter than that which holds in solution a great deal 
of vapours. The progress of the mercury in the barometer 
is however quite the reverse ; it is therefore a phenomenon 
which has been the subject of much discussion among phi- 
losophers, but without success ; for all their explanations 
overturn themselves, and not one of them will bear ex- 
ai&ination. 

* The natural meaa height of the barometer is 30 English inches. On 
^i» «object, see the remark added to the Uble of the heights of monntaini^ 
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Some philosophers have said : the air is never more- 
serene and more transparent than when well charged with 
vapourSyOr at least when they are perfectly dissolved and 
combined with it ; for it is the property of perfect solu- 
tions to be transparent : it is not therefore astonishing that 
the mercury, being pressed down by a greater weight, 
should in this case rise. But when the aqueous vapours 
are separated from the air by any cause, they disturb its 
transparency, and begin to be precipitated : they no longer 
contribute to its weight, since they are not suspended in* 
it ; and as a proof of this, they quote the celebrated expe* 
riment of Rammazini, which is as follows. 

Take a narrow vessel, several feet in height, and having 
filled it with water, place upon it a bit of cork, with a 
leaden weight suspended from it by a thread, so that the 
whole shall float. When the vessel has been thus pre- 
pared, put it into the scale of a balance, and load the 
other scale until an equiKbriiim is produced. If the thread 
by which the lead is attached to the cotk be then cut, it 
is observed that, while the lead is falling, this side of the 
balance is lightened, and the other preponderates. Hence 
it is evident, say the above philosophers, that while a 
weight is falling in a fluid, it exercises no pressure on the 
base; consequently, while the- vapours, collected in the 
air, are precipitating themselves, or after they begin to be 
precipitated, the air is lighter, and the mercury becomes 
charged with a less weight. 

This reasoning, which is that of Leibnitz, is exceed- 
ingly ingenious. Unfortunately however the experiment 
of Rammazini proves only, that the scale of the balance is 
unloaded during the fall of the weight ; but it does not 
prove that the bottom of the vessel is eased by the quan- 
tity of the weight which is falling ; for these are two things 
very différent. Recourse must therefore be had to another 
explanation. 
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- ¥ot our part, we agree with M. de Luc*, that the only 
cause of the falling of the mercury in the barometer, on 
the approach of rain, is the diminution of the gravity of 
the air, when saturated with aqueous vapours. In our 
opinion therefore, the air is- never heavier than when it it 
exceedingly pure; and we are inclined to think so for 
various reasons. 

The vapours seen floating in the atmosphere, under the 
form of clouds, are nothing but a solution of water in air: 
while this combination is imperfect, it is only semi-trans- 
parent, as is the case in regard to all solutions. The va- 
pours, when in that state, are observed to rise in the at- 
mosphere, and hence there is reason to conclude that they 
are lighter than air. The state of the air, in regard to gra- 
vity, when thus charged with vapours, may be deduced 
from the gravity of the vapours themselves ; and since they 
sure lighter than the air in which they ascend, we must infer 
that the air in which they are dissolved is lighter than 
pure air. 

But it may be said, how can we conceive that air com- 
bined with a fluid heavier than itself should become lighter t 
It may be replied, that if the combination here meant were 
only the interposition of watery particles between those of 
the air, as might have been believed, before the improved 
state of chemistry had thrown light on a number of ques- 
tions relating to the most common phenomena, this would 
be impossible. But this is not the mechanism of solutions, 
or of the combination of bodies with each other; each 
particle of the solvent combines with each particle of the 
dissolved body, and it is not improbable that this takes 
place here by the medium of fire, which is far lighter than 
eidier air or water. We can therefore form no conclusion 
veipecting the weight of compound particles from that of 

' * Tnaiê det Baromttreê^ IkeriMm^lft*^ fcc. Otneve, 1770^ 2 Tols. AiOé 
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the separated particles. Besides, in this state of combina- 
tion, they may be endowed with a greater repulsive force; 
and this even seems to be very probable, since the expan- 
sibility of water, when reduced into vapour, is immense. 
There can be no absurdity then in asserting, that air 
charged with vapours is lighter than pure air. This will 
perhaps be demonstrated some day à priori, by chemical 
processes ; and should this be the case, philosophers will 
be much surprised at the difficulty which has hitherto oc- 
curred in attempting to explain the falling of the mercury 
in the barometer, on the approach of rain. 

PROBLEM XXX. 

Of the Compound Barometer. 

It has already been seen that a column of Mtrcury of 
about 30 inches in height is necessary to counterbalance 
the weight of the atmosphere ; and hence it follows, that a 
simple barometer can never be at a less height, unless 
some fluid heavier than mercury be employed. As this 
length has been found inconvenient, attempts have been 
made to shorten it ; with a view, as would seem, of con- 
fining it within the same extent as the thermometer, which 
may be reduced to a much less size. The method in 
which this has been accomplished, is as follows : 

The principle of the construction of these barometers, 
consists in opposing several columns of mercury to one of 
air; so that these columns taken together shall have' the 
same length, viz, 30 inches, which one ought to have in 
order to be in equilibrium with the weight of the atmo- 
sphere. Consequently, 30 inches, or the common height 
of the mercury, must be divided by the length intended 
to be given to the barometer : the quotient will give the 
numbei* of columns of mercury which must be opposed to 
the weight of the air. 

Thus, if a barometer only 15 or 16 inches in length be 
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required, it must be formed of three glass tubes, joined 
together by four cylindric parts of a larger size, as appears 
pi. 3 fig. 17. Two of these tubes must be filled with mer- 
cury, and have a communication with each other, by means 
of the third, which ought to be filled with a lighter fluid. 
Thus the first branch, from d to e, is filled with mercury: 
the second, from £ to f, is half filled with coloured oil of 
tartar, and half with carob-bean oil ; and the third, from F 
to G, is filled with mercury. This arrangement therefore 
is the same thing, as if these two columns of mercury were 
placed one above the other ; for it may be easily perceived 
that the column of mercury fg, presses on the first by 
means of the intermediate column fe, exactly in the same 
manner as if it were above it. In this kind of barometer, 
it is the separation of the two liquors, contained in the 
branch ef, that serves to indicate the variations of the 
weight of the atmosphere ; and for this reason these two 
liquors must be of different colours, and of difierent spe- 
cific gravities, to prevent them from mixing. 

To fill this barometer, stop the aperture a, and pour 
mercury into the two lateral branches through the aper« 
tare b ; then pour the two liquors into the middle branch, 
through the same aperture ; after which it must be herme- 
tically sealed. 

• If a barometer only 9 or 10 inches in height were re- 
quired, SO must be divided by 9 or 10, which will give 3 ; 
consequently, three branches containing 9 or 10 inches of 
mercury, and two communicating branches filled with oil 
of tartar and carob oil, will be necessary. This barome- 
ter, consisting of five branches, is represented pi. 3 fig. 18. 
It may be proper to observe, that the height of c^ch 
branch ought to be estimated by the difference of the level 
of the liquor in the upper reservoir, and that of the liquor 
in the lower. 

This construction, invented by M. Amontons, hat th» 
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advantage of lessening the height of the barometer, which 
is sometimes inconvenient ; and of rendering it fitter for 
being employed under certain circumstances as an orna- 
ment. But it is to be observed, that this advantage is 
gained at the expence of exactness. M. de Luc, who has 
made barometers bis particular study, and who has treated 
.the subject better than any other person, says, that he 
never was able to obtain a tolerable instrument of tbies 
kind. The intermediate column acts as a thermometer ; 
and those who have attempted to prove that this does not 
injure the accuracy of the instrument, did not reflect, that 
their reasoning is true only when the line of the separation 
of the two colours is in the middle of the he^ht of the 
tube. 

PROBLEM XXXI. 

What space would be occupied bj/ a cubic inch of air, if carried 
to the height of the eartKs semi^diameterf 

We have already mentioned that air, in consequence of 
its elasticity, when charged with a double weight, is re- 
duced to one half of its volume, and so on in proportion ; 
at least as far as has hitherto been found by the experi- 
ments made on that subject. For the same reason, when 
freed from the half of the weight which it supports, it oc- 
cupies a double space ; and a quadruple space, when it 
has only a fourth part of the weight to support. Thus, 
for example, on ascending a mountain, when it is found 
thsit the mercury has fallen half the height at which it 
stood at the bottom of the mountain, it is concluded that, 
being freed from half the weight which it supported when 
in the plain, it has been dilated to double the volume, or 
that the stratum of the surrounding air has only half the 
density of that at the bottom of the mountain ; for the 
density is in the inverse ratio of the space occupied by the 
same quantity of matter. 
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This law of the dilatation of the air, in the inverse ratio 
of the weight with which it is loaded, has enabled geome- 
tricians to demonstrate, that as one rises in the atmo^ 
sphere, the denâty decreases, or rarefaction increases in a 
geometrical progression, while the heights to which one 
rises increase in arithmetical progression; Hence, if it be 
known to what height we must rise to have the air rarefied 
one fourth, for example, or reduced to three fourths of the 
density which it has on the borders of the sea, we can teH 
AaJL at a double height, its density will be the square of |, 
^^ 77 9 ^^ & triple height it will be the cube of f , or |^ ; 
in short, at a hundred times the height, it will be the 100th 
power of I, &c. Or, if the ratio of the density of the air, 
at the height of 1760 yards, or 1 mile, to the density of the 
air on the borders of the sea, has been determined, and if 
^e call this ratio d, we shall have d^ for the expression of 
that ratio at the height of 2 miles; at 3 miles it will be d', 
£cc ; and at n miles, it will be d"*. 

Bpt, it is known by experiment that at the perpendicu- 
lar height of a mile, above the level of the sea, the mer- 
cury, which on the borders of the sea was at the height of 
2iS inches, or 336 lines, falls to 22 inches 4 lines, or 268 
lines, or the height of the mercury at that elevation is ex- 
]iressed by the fraction ||4-, unity being the whole height. 
Hence it follows, that the ratio of the density of the air at 
that height, to the density of the air on the borders of the 
sea, is expressed by that fraction; consequently to find 
what this ratio would be at the height of the earth's semi- 
diameter, we must first know how many miles are con- 
tained in that semi-diameter. Let us suppose that there 
are 3000. We must therefore raise the above fraction 
14^9 or 4t, to the 3000th power, which may be easily done 
l^ means of logarithms; for taking the logarithm of 4^., 
which is -^ 0H)98^45, and multiplying it by 3000, M'e 
shall have for the logarithm of the required number 
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— 294*6135000 ; which indicates that this number is com* 
posed at least of 295 figures. We may therefore say, 
that the density of the air which we breathe at the surface 
of the earth, is to that which we should find at the height 
of the earth's semi-diameter, as a number consisting of 295 
figures, is to unity. It is needless to make a calculation 
to prove, that the sphere even of Saturn does not contain 
as many cubic inches,, as are expressed by that number ; 
and consequently that a cubic inch of air, carried to the 
height of the earth's semi-diameter above its surface, 
would be extended in such a manner, as to occupy a space 
greater than the sphere of Saturn. 

We shall here just observe, that this rarity would be still 
greater, for the following reason. We have supposed the 
gravity uniform, which is not the case; for as gravity de- 
creases in the inverse ratio of the distance from the centre 
of the earth, it thence follows, that in proportion as one 
rises above the surface, this gravity is diminished ; so that 
at the distance of a semi-diameter from the earth, it is only 
a fourth part of what it was at the surface : every stratum 
of air then will be less loaded by the superior strata, since 
they will weigh less at the same height, than on the pre- 
ceding supposition ; consequently, the air will be more di- 
lated. Newton has shown the method of making the cal- 
culation ; but for the sake of brevity we shall omit it. 

Remark. — The extreme rarity of the air, at a distance 
so moderate, may serve as a proof of the great tenuity of 
the matter with which the celestial space is filled. For if 
its density were every where the same as it is at the distance 
of the earth's semi-diameter, it may be easily perceived 
how little the planetary bodies can lose of their motion by 
traversing it. The moon, during the many thousand years 
she has been revolving round the earth, cannot yet have 
displaced a quantity equal to a cubic loot of our air. 
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' ■ PROBLEM XXXII. 

If a pu were dug to the centre of the earthy what would he 
the density of the air at the different depths^ and at the 
bottom of it? , 

We shall begin our answer to this question by obserrifig; 
tiiat one could not proceed to a very great depth, withoar 
coming to air so highly condensed^ that a person would 
float on it, in the same manner as cork does on mercnry. ^ 

This is evident, if we suppose the gravity at the differ- 
ent depths, oil the pit to be uniform ; for at the distance of 
a semi-diameter below the surface, the density must be to* 
that of the air at the surfoce in the inverse ratio of the 
density of the latter, to that of the air at the distance of a- 
semi-diameter i^ove it. But we have seen by what a 
number the rarity of the latter is expressed ; and the same' 
number will express the condensation at the cetitre. 

Quicksilver is not quite 14000 times as heavy as the air 
wliéoh we breathe ; and therefore the air at* the centre 
would be thousands, of millions of millions &c, of times 
denser than mercury. But, for the sake of amusement, 
since we are on the subject of philosophical recreations, 
Jbt us examine the most probable hypothesis of the gravity 
which prevails in the case stated in this problem. The 
gravity would not be uniform; it would decrease on ap-* 
preaching the centre, being exactly as the distance from 
the centre. But Newton has shown that as the squares of 
the distances, from the centre, in this case decrease arith- 
merically, the densities would increase geometrically. • 

We must then first find what would be the density of 
the' air at a determinate depth, such as 1000 toises, for' 
ôxmnple. But this is easy, on account of the proximity 
of tliât depth to the surface ; for if the density at the suf- ' 
lîtce beexpressed by unity, that at the depth of 1000 toises 
or a mile below it^ will be the inverse of 1000 tmsès above' 
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it. But the latter was expressed by U, consequently the 
expression for the former will be ^, or 1 + 4| ; lience 
the density being 1, at the distance of 3000 miles from the 
centre, the density at the distance of 2999, will be |^. 
Let ua then square 3000, which gives 9000000, and also 
2999, which gives 899400 1 ; the difference between these 
squares is 5999, by which if 9000000 be divided, we shall 
have the quotient 1500, for the number of squares decreas- 
ing arithmeticaily at the same rate, that are contained in 
that square. If the logarithm of fj, which is 0-098204-5, 
be multiplied by 1500, the product will be 14.7-3067500^ 
or the logarithm of the density at the centre, that at the 
surface being 1. But the number corresponding to this 
logarithm would contain HS figures at least; whence it 
follows, that the density of the air, at the centre of the 
earth, would be to that at the surface, as a number con- 
sisting of 148 figures, or at least unity followed by 147 
ciphers, to unity. 

Were it required to determine at what depth the air 
would have the same density as water, it will be seen by a 
calculation founded on the same principles, that it would 
be at the distance of 30 miles below the surface. 

It will be found, in like manner, that at the depth of 42 
miles below the surface, the air would have the same density 
as quickâlver. 

FBOBLEM XX.XIII. 

0/lhe Air Gun. 
This instrument, for the invention of which we are iD- 
debtcd to Otto Guerike, burgomaster of Magdebourg, so 
celebrated about the middle of the I7th century by bis 
pneumatic experiments, is a machine in which the elastic 
city of air, violently compressed, is employed to project « 
ball of lead, in the same manner as gunpowder. It consists 
ttf an a« chamber, formed by the vacuity belweeQ tw« 
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«yUndric and concentric tubes, phced tbe one within the 
otber : the bottom of this vacuity connaunicates with à 
pMopi eoAcealed in the butt end of the gun, and furnished 
ymiÛÈ a (nston which serves to introduce and condense the 
mîr, by means of valves properly adapted for the purpose* 
The ball is placed at the bottom of die inner tube, where 
it is retained by a little wadding, and at the bottom there 
is an aperture, closed by a valve, which cannot open until 
a trig^ is pulled. 

' It musy now be easily conoeived, that when the air in 
the reservoir or c|mmber is compressed as much as possible, 
iff the ball be placed at the bottom of the interior tube, 
and if the trigger, adapted to open the valve which is be* 
Inod the ball, be palled, the air violently compressed in 
tifte chamber will act upon it, and impel it with a greater 
at lefts velocity, according to the time it may have had to 
exert itê action. 

' To make an air gun then produce the proper eflfect, it 
it- fteéessary, 1st. that the opening of the valve should 
cJNMly occupy the same time that the ball does to pass 
lhlfo*gb the length of the tube ; for during that time the 
air will accelerate its motion, the expansion of the air 
Mag much more rapid than the motion of the ball* If the 
diamber rfiould remain longer open, it would be a men; 
loss. 2d. The ball must be perfectly round, and exactly 
fitted to the calibre of the piece, in order that the air may 
not escape at its sides. As leaden balls are not always 
very regular, this defect may be remedied by wrapping a 
Jittle tow around it. 

. WlMeft these requisites have been attended to, an atr gun 
«ilt disdiafge a ball with sufficient force to pierce a board 
MTb inches in thickness, at the distance of 50, and even of 
100 pttès. When the air chamber is once filled, it may 
be^^^tftfjployed eight or ten times in succession* An English 
m¥(M "èVëh invented a method of placing these balls in 

i2 
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reserve in a small crooked channel, from which on dis- 
charging one hall, another issued to occupy its place ; so 
that a person could discharge the air gun ten times run- 
ning, much sooner than the most expert Prussian soldier 
could fire half the number of times. It must however be 
observed, that the force of the air gun decreases in pro- 
portion as the air chamber is emptied. 

It may be easily conceived, that if this instrument, in- 
stead of being preserved in the cabinets of philosophers, 
should fall into the hands of certain persons, it would be 
a most formidable weapon, and the more dangerous as it 
makes no noise when discharged. But as gunpowder, 
t after being a long time a mere ingredient in artificial fire- 
y works, became the soul of a most destructive instrument, 
t it is not improbable that the air gun, tvheti brought to 
i perfection, may in like manner be employed by armies to 
destroy each other, gloriously and without remorse. 
The air gun is represented pi. 3 fig, IC, where the 
I interval between the two cylinders, which serves to con- 
f tain the air, may be easily distinguished : ms is the piston, 
I by which the air is introduced into that chamber; tl the 
I valve, by which a communication is formed between the 
chamber and the cylinder; and o is the trigger. This 
mechanism may be so easily understood, that no further 
illustration is necessary. 



PROBLEM XXXIV. 

Of the EoUptfle. 

The Eolipyle is a hollow vessel made of strong metal, 
I «nd generally in the form of a pear, terminating in a long 
I tail, somewhat bent. It is filled with water or some other 
^.liquor, by first exposing it to a strong heat, and then im- 
mersing it in the liquor to be introduced into it. While 
the interior air contracts itself to resume its former voturoe. 
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the liquor, in consequence of the pressure of the external 
air^ must necessarily enter to supply its place. 

If the eolipyle, when filled in this manner, be placed on 
burning coalsj the water it contains is reduced into vapour, 
which escapes by the narrow orifice in the tail : or if the 
fluid, by the position of the eolipyle, presents itself at tho 
entrance, being pressed upon by the vapour, it issues 
through the orifice with force, and forms a pretty high 

If brandy has been employed instead of water, you may 
set fire to it with a taper ; and, instead of a jet of water^ 
you will have the agreeable spectacle of a jet of fire. 
' This experiment serves to show, in a sensible manner, 
the strength of the vapour produced by a fluid exposed to 
m strong heat. For, in the first case, this vapour issues 
with impetuosity through the orifice of the eolipyle, and 
in the second the elastic force of the vapour, pressing on 
the fluid, makes it issue through the same orifice. 
' This experiment may be rendered still more amusing in 
tbe following manner. Provide a sort of small chariot, 
bearing a spirit oT wine lamp, and place the belly of the 
eolipyle on the latter ; close the orifice of the eolipyle 
with a stopper which does not adhere too firmly, and then 
kindle the lamp. Some time after, the stopper will fly 
out, and the fluid or vapour will issue through the orifice 
with great violence. The chariot being repelled, at the 
tame time, by the resistance which the fluid or vapour ex- 
periences from the external air, receives a motion back* 
wards \ and if the axle-tree of the wheels be fixed to a 
vertical axis, the chariot will assume a circular motion, 
which will continue as long as the eolipyle contains any 
portion of the fluid. 

, It may be easily conceived, that this vessel must be 
made of very strong metal, otherwise it might burst, and 
either kill or wound the spectators. 
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PROBLEM XXXV. 



To construct small figures, which remain suspended in 
water, and which may be made to dance and to rise up or 
sink down, merely by pressing the finger against the 
orifice of the bottle or jar which contains them. 

Fii^st construct two small hollow figures of eDamel ; but 
in the lower part^ representing the feet, leave a small bole, 
through which a drop of water can be introdncedy or apply 
to the back part of each a sort of appendage in the form 
of a tail pi. 3 fig. 20| pierced at the end, so that a greater 
or less quantity of water may be made to enter into tliis 
tube. Then bring the figure into equilibrium in such a 
manner, that with this small drop of water, it shall keep 
itself upright, and remain suspended in the fluid. Bill the 
bottle with water to the orifice, and cover it with parcb» 
ment, which must be closely tied around the neck. 

When you are desirous of putting the small figures m 
motion, press the parchment over the orifice with your 
finger, and the figures will descend ; if you remove your 
finger they will rise ; and if you apply and remove your 
finger alternately, the figures will be agitated in the middle 
of the liquor, in such a manner, as to excite the astonish- 
ment of those unacquainted with the cause. 

The explanation of this phenomenon is as follows. 
When you press the water through the parchment which 
covers the orifice of the bottle, the water, being incom- 
pressible, condenses the air in the small figure, by causing 
a little more water, than what it already contains, to enter 
it« The figure having thus become heavier, must sink to 
the bottom ; but when the finger is removed, the com* 
pressed air resumes its former volume, and expels the 
water introduced by the compression: the small figure, 
having by these means become lighter, must re-ascend« 
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, YSOBLXM XXXTU 

To cmstruct a barometer^ which shall indicate the varUitum^ 

of the atmosphere, bjf nuam of a snuMj^r^ that rwtmr 
sinks m water. 

. Tiio principles on which this mnM, curious btrometor k 
coQstructod, have beien explained in the foregoing pro* 
l^lem. For since the pressure of the finger on the water» 
which contains the small figure iç que^tioui makes it 
descend^ and as it rises again when the prcyssure is re« 
moved, it may be easily conceived that the weight of the 
atmosphere, according as it is greater or less,^ must pro* 
duce the same effect. Hence, if the small figure be equi* 
poised in such a manner as to remain suspended during 
variable weather, it will sink to the bottom when the 
weather is fine ; because the weight of the ^mosphere is, 
then more considerable. The contrary will be the cas^ 
whçn it threatens rain, and when the mercury in the bi^ro- 
metçr falls ; for the weight of the atmosphere, which re$fts 
o^he orifice of the bottle, being lessened, the small fi||;Mr^ 
misst of course rise. 

PBOBLBM XXXVIl. v 

To suspend two figures in water , in such anumner thaty an 
pouring in more water, the one shall rise up and the other 
sink down. 

For this purpose, provide salt water, and suspend in it a 
snoall figure, or small glass bottle, of such a weight, that if 
the water contained a little less salt, it would fall to ^e 
bottoms Dispose, in the same manner, another small 
figure or bottle, open at the lower part ; so that in the 
mne water it shall keep at the bottom, by the mechanism ' 
described in the 35th problem. 

When every thing is thus arranged, if fresh water^^ 
|Mretty warm, be poured intp the salt water, which con« 
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tains the figures, the first one 'will sink to the bottom, m 
uonsequence of a cause which may be easily conceived j 
and at the same time the other will rise to the surface : for 
the air in the second figure being dilated bj' the heat of 
the water, will expel, either in whole or in pan, the drop 
of water which formed a portion of its weight : the figure, 
haying thus become lighter, must consequently rise. 
These two small figures therefore will change places, 
merely by the effusion of more water; but the second, 
when the water cools, will re-descend. 

FKOBLEM XXXVIII. 

Of Prince Rupert's Drops, or Batavian Tears. 

This appellation is given to a sort of glass drops, ter- 
minating in a long tail, which possess a very singular 
property; for if you give one of them a pretty smart blow 
on the belly, it opposes a considerable resistance; but if 
the smallest bit be broken off from the tail, it immediately 
bursts into a thousand pieces, and is reduced almost to 
dust. 

These drops are made by letting glass, in a state of 
fusion, fall drop by drop into a vessel filled with water. 
They are then found at the bottom completely formed. A 
great number of them however generally burst in the 
water, or immediately after they have been taken from it. 
As these drops were first made in Holland, they are called 
by the French Larmes Baiaviçues. 

Various experiments have been made with these glass 
drops, to discover the cause of their bursting: these ex- 
periments are as follow. 

1st. If the tail of one of these dropa be broken under 
the receiver of an air-pump, by a process which may be 
easily conceived, it bursts in the same manner as it would 
do in the open air; and if the experiment be' performed. 
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iti die dark, à flash of light is observed at the moment of 
roptare. 

$2d. If the body of one of these drops be ground down 
gently on a cutler's wheel, or whet-stone, it sometimes 
bursts ; but for the most part it does not* 

3d. If a notch be made in the tail, by means of the 
same stone, the drop will burst. 

^ 4th. The tail of one of these drops may be however cut 
off in the following manner: Present the place, at which 
you are desirous it should be cut, to an enameller's lamp ; 
by these means it will be fused, and you may then separate 
the one part from the other, without fear of its bursting. 

5th. If one of these drops be carefully heated on burn- 
ing coals, and if it be then suffered to cool slowly, it will 
not burst, even when the tail of it is broken. 

Philosophers have always been much embarrassed re- 
specting the cause of this extraordinary phenomenon; 
and it must indeed be confessed that it is still very obscure. 
We can only say, that it is not produced by air, as is proved 
by the first experiment. We think ourselves authorised 
to say also, from the fifth experiment, that it depends on 
^the same cause which makes all articles of glass break, if 
care has not been taken to anneal them, that is to say, if 
th^ are not isubjected to a long heat that they may cool 
gradually^ before they are exposed to the contact of the 
mr. This appears to result from the last experiment ; but 
it does not seem clear in what manner it is effected. It 
arises, in all probability, from the eruption of $ome fluid 
ih'the inside of the drop, which rushes through the broken 
part of the tail. It is perhaps an electrical phenomenon, 
and the drop may burst by the same mechanism that ofteii 
cracks a glass jar, when it is discharged* that is, when 
the equilibrium is restored between its interior and exterior 
surface. Having explained the principal phenomena of 
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these dropd, we shall leave tlie rest to the sagacity and 
researches of our readers. 

PROBLEM XXXIX. 

To measure the quanlitj/ of rain which/alls in the course of 



One of the meteorological objects which engage the 
attention of the modern philosophers, is, to observe the 
quantity of rain that falls on the earth in the course of a 
year. This observation may be easily made by means of 
an instrument, which M. Cotte, in his treatise on Meteo- 
rology, calls the udometer*, but which, in our opinion, 
CQght rather to be called the Uomeierf, 

This iiisirument consists of a box of tin plate, or lead or 
tin, two feet square, wliich makes four feet of surface. Its 
sides are six inches in deptli at least, and the bottom is a 
little inclined towards one of the angles, where there is a 
small pipe furnished with a cock. The water which âows 
through this pipe, falls into another square vessel, the 
dimensions of which are much less, and so proportioned, 
that the height of a line in the large vessel, corresponds to 
3 inches in the smaller. In the present caSe, therefore, the 
base of this vessel ought to be only Z inches 6 lines square. 
From this description it may be easily conceived, tliat very 
small portions of a line of water, which has fallen into the 
large vessel, may be measured; since a line of height in 
the small one, will correspond to the 36th part of a line in 
the large one. 

If the large vessel be properly placed, with the small one 
below the cock ; and if the small one be covered in such a 
manner, as to prevent the air from having access to the 
surface of the water it contains; it will not be necessary 

■ From litgp water, Bad unfn a mcasurf. 
, -f ''■wx v*S iiin, and pn-ft) a aUBiure, 
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-to ^xamtoe ibe quantity of water which has fallen after 
^each shower^ or series of rain. It may be examined and 
measured every three, or fpur or five days* It will how- 
ever be better to do it after each fall of rain. 

If a register be then kept of the quantity of water which 
falls every time that it rains, these quantities added together» 
will give the quantity that falls in the course of the whole 
year. 

It has been found, in this manner, by a series of observa^ 
tiops, made at Paris, for 77 years, that the quantity of 
tain which falls there, one year with another^ is 16 inches 
Klines. 

But this quantity of water is. not every where the same. 
In other places it is greater or less, according as they are 
situated near to the seasor to mountains. The following is 
H table, of the principal places, where observations of this 
kind have been made, and of the quantity of water which 
falls there' annually. 

Places. 

Paris - - - - - 
Bayeux - .- 

Beziers - - - - 
Aix in Provence 

Toulouse - -- - 

Lyons - - - - - 
Lille .... 

London • - - - 

The Hague - - - - 
Rome ----- 

Padua - - - - - 

Petersburg - - - - 

Berlin - - - - - 

. B^MABK.^— We think it necessary here to offer a re^ 
ivuurk, which seems to have escaped all the philosophers 
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who have made observations on the quantity of rain that 
-fells. EveTy time it again rains, a smali quantity of water 
is lost ; namely tliat which has served to moisten the bottom 
of the reservoir ; for the «rater does not begin to run down 
till the bottom is moistened to a certain degree, and cover- 
ed, as we may say, to a certain thickness with water, the 
quantity of which must be determined and taken into the 
account after every fall of rain. This quantity of ivater 
may be measured by the following process. Take a small 
sponge, moistened in such a manner that no water can be 
squeezed from it, even when pressed very hard ; then 611 
the vessel, and having suffered the water to run from it, 
collect with tbe sponge what remains on the bottom, and 
squeeze it into a vessel, the base of which is an inch square, 
and already moistened with water. It is evident, that if a 
vessel, the base of which contains 4 square feet, gives in 
this manner water sufEcietit to rise to the height of an inch 
in the small vessel, there is reason to conclude that t lie 
pellicle of water which adhered to the metal was at least 
j^ of an inch, or the 48th part of a line in thickness. At 
any rate it may be safely estimated at the aoth or 36th of 
a line. If it has rained, therefore, two or three hundred 
tiroes in tbe course of the year, 8 lines must be added to 
the quantity found. 

PROBLEM XL. 

0/ the origin i^ fountains. Calculation of the quantihf of 
rain water sufficient to produce and to maintain them. 
It would appear that the origin of fountains and springs 
ought not to have occasioned such a diversity of opinions, 
as has, for some time, prevailed among philosophers. An 
attentive consideration of these phenomena is sufficient to 
show that the origin of them is entirely owing to the rains 
which conlinually moisten the surface of the globe, and 
which running over beds of earth, capable of preventing 
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tiiem from penetrating deeper, at length force a passage 
to places which are lower. Every person indeed must 
have observed, that the greater part of springs decrease 
in a considerable degree, when a long drought has pr^ 
vailed ; that some of them absolutely dry up when .this 
drought continues too long ; that when the surface of the 
earth has been moistened with snow or rain, they are re- 
newed, and that they increase almost in the same progres- 
sion as the waters become more abundant. 

Some philosophers however have ascribed the origin of 
fountains to a sublimation of the waters of the sea, which, 
flowing into the bowels of the earth, rise up in vapour, in 
the fissures of the, rocks; and thence trickle down.iqto 
cavities and reservoirs prepared by nature ; from which 
they make their way to the surface. Some have even 
gone so far as to imagine a sort of subterranean alembics. 
^ But these conjectures are entirely void of foundation. 
If the water of the sea produced fountains in this manner, 
it would long ago have choaked up with its salt the suhr 
terranean conduits through which it is supposed to pass, 
fieâdes, the connection which is observed between the 
abundance of rain,. and that of the water of the greater 
part of fountains, would not subsist ; as the internal distil- 
lation would take place whether it rained or not. It is to 
be observed also, that the water of springs always distils 
fi;om above beds of clay, and not from beUm them ; but as 
these beds intercept the passage of vapours and water, the 
latter must necessarily come from above them. A sure 
method of destroying a spring, is to pierce this bed :. but 
if. the water came from below, a contrary effect would.be 
produced» 

. What induced philosophers to have recourse to a cause 
so remote, and so false, no doubt was, their imagining that 
rain water was not sufficient to feed all the springs and: 
rivers. But they were certainly in an error : for instfji^d 
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of rain water being too small in quantity to answer thw 
purpose, it seems rather (Jifflcuit to conceive in what man- 
ner il IB expendeJ. Tltia will be proved by the following 
calculation of Mariotte. 

This author observes that, according to experiments 
which have been made, there falls annually on the sur- 
face of the earth about 19 inches of water. But to render 
his calculation still more convincing, he supposes only 15, 
which makes per square toiae 45 cubic feet, and per square 
league of 2:iO0 toises in each direction, 238050000 cubic 
feet. 

But the rivers and springs which feed the Seine, before 
it arrives at the Poni-Royal, at Paris, comprehend an ex- 
tent of territory, about 60 leagues in length and 50 in 
breadth, which makes 3000 leagues of superficial content ; 
by which if 238050000 be multiplied, we shall have for 
product! 141 50000000, for the cubic feet of water, which 
falls at the lowest estimation, on the above extent of 
territory. 

Let us now examine the quantity of water annually 
furnished by the Seine, This river, above the Pont- 
Royai, when at its mean height, is 400 feet in breadth, 
and 5 in depth. The velocity of the water, when the 
river is in this state, may be estimated at 100 feet pef 
minute, taking a mean between the velocity at the surfece 
and that at the bottom. If the product of 400 feet in 
breadth, by 5 in depth, or 2000 square feet, be multiplied 
by 100 feet, we shall have 200000 cubic feet, for the quan-* 
tity of water which passes in a minute through that sectiou 
of the Seine, abo\-e the Pont-Royal. The quantity then 
in an hour, will be 12000000 ; in 24 hours 288000000, and 
in a year 105120O00000 cubic feet. But this is not the 
seventh part of the water which, as above seen, falls on 
the extent of country that supplies the Seine. 

But how shall w« dispose of the remainder of this 
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wtterf The answer is eaqr: the rirers, rivulett, and 
ponds, lose a considerable quantity of water by erapora^ 
tion; ^nd a prodigious quantity is employed (or the 
natiition of plants, 

Mariotte makes a calculation also of the water wUch 
cmgbt to be furnished naturally by a spring that issued a 
litde below the summit of Montmartre, and which is fed 
by an extent of ground 300 toises in length and lOO' in 
breadth; making a surface of 30000 square toises. At the 
rate of IS inches for the annual quantity of rain, the quan* 
tity whidi falls on that extent will amount to 1620000 cubic 
feet» But a considerable part of this water, perhaps three 
fonrtbs, immediately runs off: so that no more than 40500& 
forces its way through the earth and sandy soil, till it meett 
with a bed of clay at the depth of two or three feet, fireiii 
which it flows to the mouth of the fountain, and feeds it. If 
405000 therefore be divided by 365, the quotient will be 
1 100 cubic feet of water, which it ought to furni^ daily,^ 
or about 38500 French pints; which makes about 1600 
pints per hour, or 27 pints per minute. Such is nearly 
the produce of this spring. 

An objection founded on an experiment of M. de la 
Hire) deteribed in the Memoirs of the Academy of 8ci« 
eaces, for the year 1703, is commonly made to this idea 
respecting the origin, of springs. This philosopher liaviog' 
CMied a (Ht to be dug in a field, to the depth of 2 feet, 
foond no traces of moisture ; from which some conckide 
t^ the rain water flows only over the surface, and does 
not in any manner contribute to the origin of springs. 

But tb» experiment is of no weight, as it is contradicted 
bjr^a thousand contrary instances. Every one knows that . 
wâier, in various places, oozes Arom the roofis of caverns 
apd subterranean passives : it is this water which, after ' 
«penetrating the earth, aid flowing between the joints t>r 
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Stones, produces stalactites, and other stony coneretiona.- 
It is therefoie false-that rain water never penetrates beyond 
the depth of a few feet. The fact observed by M. de la 
Hire was a particular case, from which it was wrong to 
deduce a general consequence. 

It is objected also, that water is sometimes collected at 
heights at which it is imposable that rain water could give 
birth to a spring. To this it may be replied, that if the 
ground, where these collections of water exist, be examin* 
ed, it will always be found that they are produced by rain 
or melted snow ; that these places on the summits of moun- 
tains are only a kind of funnels, which collect the waters 
of some neighbouring plain, continually maintained by the 
rain or the snovr, assisted by the small evaporation which 
takes place, in conitequence of tbe rarity of the air. It is 
therefore evident to every rational mind, that the origin of 
springs and fountains can be ascribed to no other cause, 
than the rain water and snow which have been collected. 

PROBLEM XLI. 

The Water or Mercurial Mallet. 

The water mallet, as it is called, is nothing else than a 
long glass flask containing water, which when shaken in 
the flask, strikes it with a noise almost like that occasioned 
by a small blow with a mallet. 

Tbe cause of this phenomenon is the absence of the air, 
for as that fluid no longer divides the water in its fall, it 
proceeds to the bottom of the flask like a solid body, and 
produces the sound above mentioned. 

To construct the water mallet, provide a long glass 
flask, pretty strong, and termmating in a neck that can 
be hermetically sealed j till one fourth or one fifth of it with 
■water ; exhaust the air from it by means of an air-pump, 
and then close the mouth of tlie âask hermetically. Whvn 
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Ûte âask is taken out^ if you fuse the neck of it gently at 
«n enameller's lamp, in order to shut it more securely, the 
instrument will be completed. 

If mercury be inclosed in the flask, instead of water, it 
will make a much greater noise or smarter blow ; and you 
will even be astonished that it does not break the flask. 
If the mercury^be well purified, it will be luminous; so 
that when made to run from the one lend to the other, a 
beautiful stream of light will be seen in the dark. 
. Remark.-— In our opinion, this property of mercury 
may be employed to construct what might be called a 
philosophical lantern. For this purpose^ it would be ne- 
cessary to dispose in a sort of drum a great number of 
MEiall flasks, like the preceding, or spiral tubes, in which 
purified mercury should be kept in continual movement ; 
wbic^ might be easily done if the drum were made to re- 
volve by means of machinery ; the result would be a con- 
tinued light, which would have no need of aliment, or of 
being fed. Who knows, whether this idea may not enable 
ns^ at some future period, to dispense with the candles and 
lamps which we row employ to light our apartments ? We 
are however afraid, that whatever be the number of flasks 
arranged in this manner, they will still aflbrd too weak a 
fight to supply the want of a single taper. But, perhaps^ 
there are other useful purposes to which thb invention 
iBay be applied. 

PROBLEM XLII. 

To make a Luminous Shower with Mercury^ 

Place on the top of the air-pump a small circular plate, 
pierced with holes, and supporting a small cylindric re- 
ceiver, terminating in a hemisphere* and cover the whole 
with a larger receiver, having a- hole in its summit, capable 
of admitting a glass «funnel filled with mercury. This 
funnel must be so arranged, that it can be shut with 8( 
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Stopper, so as to be opened when necessarj. Then ex* 
haast the air, or nearly so, from tbe receiver, and open 
the funnel which contains tbe mercury: the mercary, in 
consequence of its weight, and of tbe pressure of tbcatmb- 
•phere, will run down, and, falling on tbe convex summit 
of tbe interior receiver, will be thrown up in small lu- 
minous drops, so as to resemble a shower of fire. 

This experiment may be performed also in tbe follow* 
ing manner : provide a piece of pretty compact wood, and 
cut in it a smaU reservoir in the shape of a hemisphere, or 
of an inverted cone : apply it to the upper aperture of a 
receiver, and fill it >with mercury. If you then exhaust the 
receiver, the pressure of the external air will force the 
mercury through the pores of the wood, so that it will fall 
down in small luminous drops. 

PROBLEM XLin. 

What is the reason that in mines, which have spirades^ or 
air-holes, on the declivity of a mountain^ at various heights^ 
a current of air is established, which in winter luis a di^ 
recticn different from what it has in summer^ ExplanO" 
turn of a similar phenomenon , observed daily jn chimneys. 
-^Use to which a chimney may be applied in summer. 

It is customary^ in order to introduce air into a mine, at 
certain distances to sink perpendicular wells, which termi- 
nate" at the horizontal or somewhat inclined gallery, where 
the ore is dug up; and, in general, the mouths of these 
wells are at different heights, in consequence of the in- 
clination of the side of the mountain. But, in this case, a 
very singular phenomenon is observed : during the winter 
the air rushes into the mine through the mouth of the 
lowest well, and issues by that of the highest; the con- 
trary is the case in summer. 

To explain this phenomenon, it must be observed, that 
in the mine, the temperature of the air is constantly the 
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îlame^ while without, it is alternately colder and hotter; 
that is^ colder in winter, and warmer in summer. It is to 
be remarked, on the other hand, that the well which has 
the mouth highest, the gallery, and the other well, form 
all together a bent syphon with unequal branches: the 
leflect produced is as follows: 

When the exterior air is colder than /that in the mine, 
the column of air which presses on the lower orifice d, 
pi. 4, fig. 21, exerts a greater pressure on the whole air 
contained in the syphon dcba, than that which presses on 
the upper orifice a ; this air then must be expelled by cir- 
culating in the direction dcba. But the cold air which 
enters by d, being immediately heated to the same degree 
as that in the mine, is impelled, like the former, by the 
column which rests on the orifice d. 

The contrar}' takes place in summer ; for the exterior 
air, during that period, is warmer than the air in the mine. 
The latter then being heavier, that contained in the branch 
AB of the syphon, preponderates over the air in bc ; so 
that thé difference between the columns, which press upon 
A «id D, is not able to produce a counterpoise. The air 
contained in the syphon abcd then must receive an im- 
{mise in that direction ; and consequently must move in a 
direction contrary to the former. Such is the explanation 
^this phenomenon. 

A similar one is observed daily in chimneys ; and it is 
the more sensible, as the flues of the chimneys are higher ; 
for a chimney, with the chamber where it tenninates, and 
the door or a window, form a syphon, similar to the pre^ 
ceding. Besides, the exterior air from nine in the morn# 
ing till eight or nine at night, in summer, is warmer than 
the interior, and vice versa. In the morning then, the air 
mxxsk descend the chimney, and issue through the door or 
the window; on the other hand, as the exterior air is 
colder in the night than in the day, it must, during the 
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former, enter at the door or windon-, and ascend the 
chimney. About eight or nine in the morning, and at 
eight or nine in the evening, the air is, as it were, sta- 
tionary: an effect which must necessarily take place at the 
time of the passage from one direction to another. 

Dr. Franklin, who seems to have first observed this phe- 
DODienon, says that it might be appUed to some economical 
uses during summer ; and in that case the proverb, as use- 
less as a chimney in summer, would not he correct. One 
of these uses is, that the chimney might be employed as a 
safe ; for if each of its mouths were closed by a piece of 
canvas, stretched on a frame, the alternate and almost 
continual current of air which would be established in it, 
could not fail to preserve meat from corruption. 

This current might perhaps be employed also for some 
work that requires not so much a force, as a continuance 
of it. For this purpose, it would be necessary to fix in the 
flue of the chimney a vertical axis with a helix, like the fly 
of a smoke-jack ; the current of air would keep it in con- 
tinual motion, sometimes in one direction, sometimes in 
the other ; and in all probability with luflicient force to 
raise a small quantity of water per hour. And, as it would 
remain inactive only three or four hours a day, it could not 
fail to produce a considerable effect daily. Besides, the 
moving power would cost nothing. It would however be 
necessary to have the wheels adjusted in such a manner» 
that to whatever side the axis, furnished with the helix, 
turned, the machine should always move in the same di- 
rection ; which is not only possible, but was executed by 
M. Loriot at Paris. 

Remark. — The same effect is easily experienced oa a 
small scale, in a close room or chamber, which is very warm 
with several persons and candles in it, especially if there is 
no fire or no fire-place. For, by unlatching tlie door, and 
settÎDg it a very little open, as an inch or half an inch, it 
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%ill then be found that the aîr rushes strongly in near the 
bottom, but sets as strongly out near the top, and is qui- 
escent near the middle parts. This is very «asily tried by 
holding a candle in your hand, first near the bottom of the 
«nail openings where the flame is violently blown inwards ; 
then at the top, where it is carried strongly outwards ; but 
held near the middle, the flame of the candle is quite still. 

PHOBLEM XLIV« 

- ïb measure the height of mountains by the barometer. 

It is very dij£cult, and even sometimes impracticable, 
to measure the height of mountains by geometrical opera- 
tions. A traveller, for example, who traverses a chain of 
mountains, and who is desirous of ascertaining the altitude 
of the principal points he has ascended, cannot have re- 
Course to that method. The barometer however supplies 
a convenient and pretty exact one, provided it be employed 
with the necessary attention. 

. The principle on which this method is founded will be 
feadily conceived, when it is recollected that if a barometer 
be carried to the top of a mountain, the quicksilver stands 
at a less height than at the bottom. 1st. Because it has a 
less column of air above it. 2d. Because this air has less 
density, as it is freed from the weight of a part of the air 
which it supported at the bottom of the mountain. Such 
is the foundation of the rules which have been invented 
for applying the height at which the mercury in the baro- 
meter stands to the purpose of measuring the height of 
mountains. But to give a very exact rule in regard to this 
operation, is attended with no small difficulty; for the 
height of the mercury in the barometer depends on a com- 
pKcation of so many physical causes, that it is exceedingly 
troublesome to reconcile them, and to subject them to cal- 
culation. M. de Luc of Geneva, wJio has considered this 
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subject with the greatest care, by combining all these 
causes and circumstances, seems to have discovered a me- 
thod which, if not absoUitely perfect, is certainly more cor- 
rect than any before given. 

To. proceed with exactness in this operation, it is neces- 
sary to have a good portable barometer, well freed from 
air ; and a good thermometer, which we shall suppose to 
be that of Reaumur, though M. de Luc, to facilitate the 
calculation, proposes a particular kind of division. If great 
correctness be required, it will be necessary also that an ob- 
server should examine the progress of the barometer at the 
bottom of the mountain, or in one of the nearest towns, 
the height of which above the level of the sea is known. 

When you have reached the summit of the mountain, 
or the place the altitude of which you are desirous of as- 
certaining, hold the barometer in a direction perfectly 
vertical, and examine the height of the mercury ; suspend 
also the thermometer in some insulated place in the neigh- 
bourhood, and observe t!ie degree to which the mercury 
rises. 

Having then compared the height of tlie barometer ob- 
served on the mountain, with that of the corresponding 
barometer, observed at the same time at the bottom, take 
the logarithms of these two heights, expressed in lines, 
and cut off from them the four last figures : the remainder 
will be the diâerence of the heights expressed in French 
toises. 

But this altitude requires a correction; for it is only 
exact when the simultaneous temperature of the two places 
is 16^, according to the scale of Reaumur's thermometer. 
For each degree then that the thermometer has remained 
below 1C|., at the upper station, one toise must be added 
for every 2J5, and the same must be deducted for every 
degree above that temperature. 
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The same correction *, but in the contrary sense, must 
be made by means of the thermometei^ left at the fixed 
station ; that is to say, for each degree it remained above 
IS^f one toise in 215 must be deducted, and vice versa. 
The height, when twice corrected in this manner, will be 
the difference nearly between the height of the two places 
above the surface of the sea, or the height of the one above 
the other. 

Let us suppose, for example, that at the lower station 
the barometer stood at the height of 27 inches 2 lines, or 
526 lines ; and that at the upper station it fell to 23 inches 
5 lines, or 281 lines. 

The logarithm of 326 is 2*5132176, and that of 281 is 
2*4487063; their difference is 0-0645113: from which if 
the three last figures be cut off, to answer for division by 
IQOO, the remainder will be 645 toises. 

We shall suppose also, that at the top of the mountain 
Reaumur's thermometer stood at 6 degrees above freezing, 
and in the lower station at 12 j that is for the former lOj. 
fielow 16|, consequently 10| toises are to be added to the 
above number for every 215; and hence, by the rule of 
three, the number to be added will be found to be 32 toises. 
It will be found, by the converse correction, that the 
height to be deducted is 20 ; consequently there will re- 
main 12 toises to be added, and therefore the height twice 
corrected will be 657. 

Mr. Needham, on mount Tourné, one of the Alps, ob- 
served the height of the barometer to be 18 inches 9 lines, 
or 225 lines. Now if we suppose that it was observed at 
die same moment at the level of the sea to stand exactly 
at 28 inches or 336 lines, which is its mean height on the 
borders of the sea, the difference between the logarithm o{ 

* This second correction, though not mentioned by M. de Luc, appears to 
«a niecessary, for several reasons, which it woold be toe tedions to explain 
hmn. 
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J off the last three figures, ■will 



■S'i6 and that of 225, • 

be found to be n^a. It may therefore be coiicluiied, that 
the height of mount Tourné is 1742 toises. But as in this 
case «e have no corresponding observation at the level of 
the sea, nor any observation of the thermometer made at 
the same time, we have employed this observation of 
Needham only as an example of calculation. It is how- 
ever probable that the height of mount Tourné is between 
1700 and ISOO toises. 

Remarks. — As a portable barometer is an instrument 
difHcult to he procured and preserved, it is almost neces- 
sary that a traveller, when he is desirous of making obser- 
vations, tihould construct a barometer for iiimself ; but in 
this case, as the mercui^ will not be freed from air, it will 
a1way!i stand a few lines lower than a barometer wbich has 
been constructed with every possible care. This difl^rence 
may amount to two or three lines. 

In regard to Reaumur's thermometer, it is easily carried; 
but in what manner must a traveller proceed to have cor- 
responding observations, either on the borders of the ses^ 
or in any other determinate place, which are necessary 
before be can employ his own with sufficient exactness { 
This diffieulty, in our opinion, seems to limit, in a coti- 
siderable degree, this method of determining the height of 
mountains. 

Besides, it appears that, even if a traveller had on the 
borders of the sea, or in any village situated for example 
in the centre of France, the heiglit of which above the sea 
is known, a diligent observer, he would not be much far- 
ther advanced, for the temperature of the atmosphere may 
be different on the borders of the sea at Genoa, that is to 
say, it may rain, for example, while the weather is fine and 
serene on the Alps or the Appenines; or the contrary may 
be the case; and hence there is a new difficulty to be 
suroiounted. 
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• This difficulty however might be obviated in part, by 
knowing the greatest, the mean, and the least elevation, 
of the barometer on the borders of the nearest sea, and 
thence determining, by meteorological conjectures, the 
nature of the temperature on the mountain to bë mea-* 
snred) though one only passed over it : thus, if an hy- 
grometer on the mountain indicated, for example, great 
moistore, there would be reason to conclude that the 
weather was inclined to rain, and that the fixed barometer 
stood at its least height. On the other hand, if the air was 
very dry, it might with probability be concluded that the 
weather was serene, and that the fixed barometer stood at 
its greatest height ; but it must be confessed that this is 
not sufficient to give a satisfactory exactness. 

However, a great many barometrical observations have 
been made on the summits of mountains, and their heights 
have been thence deduced. Several of them have also 
been measured geometrically, and therefore we flatter our- 
selves that the following table, of these observations and 
heights, will be gratifying to many of our readers. It 
consists of four columns ; the first of which needs no ex- 
jdanation ; the second contains the height of the barome- 
ter as observed at the different places enumerated in the 
first. As the temperature of the air at the time is not 
mentioned, we shall take that height as the mean height, 
and at the mean degree of heat. The third column con* 
tains the height as deduced from observation, according to 
the method of M. de Luc. In the fourth column we have 
placed the geometrical measurement, when known, and 
sometimes also we have given it alone, because we could 
find no other. 

We shall not repeat here what has been already said in 
regard to the immoderate height which the ancients 
ascribed to some mountains. ' The reader Vvill find it in 
the preceding ivolume, page 102. 
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Table of the heights of different places of the earthy and of 
various mou7itains, above the level of the sea. 
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21 


oi 


1241 


1289 


The Canigou .... 


20 


'M 


J4I6 


1454 


Bains de Barege .... 


24 


8 


589 


— 


Le Pic du Midi .... 


21 


1 


1481 


... 


Mount Ventoux .... 


.... 




— 


1036 


Stoiss Alps. 










The Lake of Geneva 


.... 




»-. 


188 


Lake of Neuchatel 


... 




_ 


214 


The Glacier of Buet near Geneva . 


19 


6 


1560 


... 


The Mountain of La Dole near 


•^ 








ditto ..... 


23 


4 


825 


847 


Mount Blanc, or Maudit in Faucigny 


•» 




-» 


2390 


Fort d'Aarbourg 


— - 




— 


237 


Mount Pilate in the Canton of Lu- 










cerne ..... 


_ 




— ~ 


1450 


L' Antesendas, in the Canton of Berne 


— 




— 


1460 
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HeFgET 
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t^d Geo- 




Barometer. 


Baro- 
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. 
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Li. 


Toises. 


Toises. 


Mount Gothard, highest point* . 




m 


— 


2420 


Appenines, 










Mount di Sibilla .... 




m 


_ 


1150 






m 


— » 


718 












868 
808 










PlEDMONTINE AlPS. 








Turin 


27 




123 


... 


St. Remi 


23 




854 


m^m. 


Mount St. Bernard, at the convent 


20 


10 


1254 


mm^ 


Mount Serene . . • • 


20 


7 


1328 


_ 


Cor-Mayeur at the summit of the 










White Alley .... 


20 


9 


1302 


... 


Ville des Glacières 


22 


6i 


942 


.^ 


Mine de Pesey in Savoy 


21 


10 


1080 


— 


Mount Tourné • • . • 


18 


9 


1742 


— . 


Sicily. 










Mount ^tna f . . • . 


18 


H 


1676 


— 


Canaries. 










Pè«k of Teneriffe 


17 


5 


1980 


-i-i 


Peru. 










Tlie valley of Quito, at Quito the ca- 
pital of that province 










20 


I 


— 


1470 


Pitcliintcha, extinguished volcano^ 










eastern summit 


15 


11 


2453 


2434 


Antisana» extinguished volcano 




- 


— 


3020 , 


El Coraçon 


15 


10 


2496 


2470 


ninica 




- 


— 


2727 



* This mountain seems to be the highest in Europe. 1 deduced the height 
of it fixxn the apparent height measured by M. Micheli from fort Aarbourg, 
which if 6300 toises. But as this height is only equal to two degreti aboiw 
the horÛEon, I corrected it by deducting the refraction : as M. Micheli did 
not attend to this point, he has given a list of the mountains in Swisserland 
with their heights, which certainly exceed the truth. 

«f This measurement is deduced from simultaneous obserrations of the ha* 
rameter made at Catanea, where the mercury waa at 97 in. 10 lin. Frencfay 
and on j^na, where it was at 18 in. 1 J lin. Attention was paid also, accord* 
ing to M. de Luc*s rule, to the different temperatures of the air, which were 
•n JCtna SJ of Reaumur's thermometer, aud at Catanea 19{. 
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Height 


Height 




Height 


deduced 


measur- 


Names of Places. 


of the 


from the 


ed Geo- 




Barometer. 


Baro- 


metri- 






meter. 


cally. 




Inc. Li. 


Toises. 


Toiles. 


Cotopaxi volcano, rekindled in 1744 


— 


— 


2950 


Chimboraço, extinguished volcano 


— 


— 


3220 


Cargaviraço, ditto 


— 


' — 


2430 


Tongouragoa, ditto 




— 


2620 


El- Altar, ditto , . . 


— 


— 


2730 


Sangai^ ditto • . • • 


-— 


— 


268O 


Cota-Catché, north of Quito 


— 


— 


H2570 


Cayambé-Orcou, under the equator 


— 


— 


3030 


Africa. 








Table mountain .... 


24 10 


521 


537 



GENERAL OBSERVATION. 

We shall here remark, that the very considerable dif- 
ferences often found in the above table, between the baro- 
metric and geometrical measurement, must not be entirely 
imputed to the" method. The latter is certain ; but the 
observers of the barometrical heights have often employed 
imperfect instruments : in general, they have had no cor- 
responding observations; and they have scarcely ever 
taken into account the difference of temperature at the 
posts of comparison : these differences, which without these 
defects in the observations would have certainly been less, 
need therefore excite no astonishment. 

Remark. — In the above table, the height of the baro- 
meter is given in French inches and lines, and the cor- 
responding heights of the mountains in French toises. 
We must observe also, that the French, in general, con- 
sider 28 Paris inches as the mean height of the barometer, 
at the level of the sea: as the following remarks on this 
subject by Mr. Kirwan, may be of use to the reader, we 
here subjoin them. ** Sir George Schuckburgh has shown, 
from 132 observations, made in Italy and in England, that 
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thémean height of the barometer at the level of thesea^ 
the temperature of the mercury being 55% and of the air 
62% is 30*04 inches*, we may then assume the height of 
30 inches as the natural mean height of the barometer at 
the level of the sea, in most temperatures between 32* and 
82^; for if mercury w^ere cooled down to 32°, that is £y 
below 56^, it would be lowered by that condensation only 
0*07 of an inchj and if it were heated up to 80^, that is 25* 
above 55^, it would be raised only *078 of an inch; quanti- 
ties which, except in levelling, may be safely disregarded. 

'* The French have heretofore considered 28 Paris inches 
as the mean height of the barometer at the level of the sea, 
that is 29'84 English inches. But from 1400 observations, 
made at Rochelle by Fleurieu de Bellevue, and from five 
years* observations made at Port Louis, in the isle of 
France, he concludes the mean height of the barometer at 
the level of the sea to be 28 inches and 2 lines and 4^ of a 
line, in the temperatures of from 52* to 5B* Fahrenheit, or 
30*08 English inchesf. Hence we may consider, in round 
numbers, 30 inches as the standard height of barometers 
at the level of the sea. And knowing the true height of 
^ any part of the earth, we may, by subtracting that height^ 
exfMressed in fathoms, from the log. of 30, viz, 4771*213^ 
find the logarithm which indicates the number of inches 
at which, as its natural mean, the mercury should stand at 
that height above the level of the sea. 

^* Thus, supposing the height to be 87 feet, equal to- 
14:500 fathoms; then 4771 •213- 14*500=4756*713, which 
is the logarithm of 29*9 ; this therefore is the natural mean < 
height of the barometer at the elevation of 87 feet above 
the level of the sea. 

** Consequently, to all heights heretofore calculated by 

• Fhil. TraBsact. 1777, p. 586. 

f 1ft Chappe thought it 28 inches I'S lines. See Beguelin's Mem. Berl. ' 
1769; -mCoU. Acad. 4S4. 
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the French, above the Içvel of the sea, 1 39*32 feet must be 
added English measure, when the mercurial height at the 
level of the sea was barely supposed to be 128 French 
inches.'* On the Variation of the Atmosphere, by Richard 
Kirwan, esq. l.l.d. f.r.s. and p.r.i.a. Dublin 1801. 

Additional Table of the height of Mountains from Von 
ZacKs Geographische Ephemeriden. 

Toises. 

Ophir in Sumatra under the equator, according to 

Marsden 13842 feet 2307 

Aiguille d'Argenture, according to Saussure . €094 

Corne du Midi, according to De Luc . . 1945 

Peak of Teneriffe, according to Borda . . 1904 

Maladetta and Mont Perdu, in the Pyrenees . 1763 

Vignemale, in ditto 1722 

Mount Tourne, in Savoy 1683 

^tna, according to Saussure • • • . 1672 

Pic Long, in the Pyrenees .... 1668 

The summit of Marboré, in ditto . . . 1636 

Buet, according to Saussure .... 1579 

Monte Rotondo, in Corsica .... 1549 

Mount Libanon ...... 1500 

Summit of Mount St. Gothard .... 1431 

The Canigou, in the Pyrenees, according to Mechain 1427 

The Budisiaw, in Transylvania . . . 1148 
The Monastery of the Capuchins, on Mount St. 

Gothard 1105 

The Surut, in Transylvania, according to Lerchenfeld 1078 

Mount d*Or in Auvergne, according to Cassini 1048 

Swiss Alps, height above the Thiiner Lake, according 
to Professor Traites of Berne. 

Finsterahorn 1908 

Jungfrau 1844 
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Toiset. 
1813 
1747 
1611 
925 
830 
904 
895 
820 
817 
650 
603 
563 
546 
520 
503 
472 



Monch 

Eiger 

Wetterhorn .... 

Niesten 

Stockhorn . • . . 

Elleborus, in Caucasus 

Kschoes, on the banks of the river Kur 

The Schnukoppe, in the Riesengebirge 

Puy de Dome, according to Cassini . 

Vesuvius, according to Saussure • 

The Fichtelberg, in Franconia . 

The Feldberg, in Schwarzwald, near Frey bourg 

The Brocken, in the Harse 

Rupberg, in Henneberg .... 

The Schneekopf in Thuringia . 

The Inselsberg in the principality of Gotha 

Muk to compute heights brf the Barometrical English 

measures. 

To complete the foregoing account of the measurement 
of altitudes by the barometer, I shall here annex the 
method of performing that operation in English measures, 
either feet or fathoms, as extracted from my Philos. Diet, 
article Barometer, or from my Course of Mathematics, 
Tol. 2, pa. 255, edit. 6 ; which is as follows. 

1. Observe the degree or height of the barometer, both 
at the bottom and top of the hill, or other place, the alti- 
tude of which is required, as also ttie degree of the ther- 
mometer, for the temperature of the air, in both the same 
places. 

2. Take out, from a table of logarithms, the logs, of 
these two heights of the barometer in inches and parts, 
and subtract the less log. from the greater. If from the 
remainder there be cut off three figures e>n the right hand. 
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where the logs^ consist of seven places, the other figures 
on the left hand will give. the altitude required in fathoms^ 
of 6 feet each. 

3, The above result requires a small correction, when 
the medium temperature of the air is different from 31 
degrees on Fahrenheit's tjiermpmetçr, which may be thus 
found, when much accuracy is desired. Add the two ob- 
served heights of the thermometer together, and take half 
that sum for the mean temper of the air. Take the differ- 
ence between this mean and the number or temper 31 4 
then, as ipany units .as this difference amounts to, take so 
many times thç 435th part of the fathoms above found ; to 
which add them when the mean temperature exceeds 31, 
but subtract them Tv^hen it is less; and the result will be 
the more correct altitude of the hill, &c, as required, 

A small correction for the temperature of the barometer 
is sometimes employed, as may be seen in the books above 
quoted ; but it is so small as to be seldom necessary to be 
observed. 

For example, suppose at the foot of a mountain, the 
barometer be observed 29*68 inches, and the thermometer 
57; at the same time at the top of the mountain the baro- 
meter was 25-28, and thermometer 42. Then the calcu- 
lation will be as below. 

29-68 log. 4724639 57 

25-28 log. 4027771 42 

696-868 2 ) 99 

or 697 nearly. 49j mean 

31 subtr. 



18è 
then, as 435 : 18} : : 69 Y : 29 the correction, 

29 



726 fathoms = 4356. f. 



ARTIFICIAL SPRINGS. 145 

. So that the required altitude is equal to 726 fathoms, or 
1856 feet. 

PROBLEM XLV. 

To make an Artificial Fountain^ which shall imitate a 

natural spring. 

We here suppose that those who intend to try this ex- 
perhnent, have at their command a piece of ground, some- 
what inclined, the bottom of which is a bed of clay, not 
ht distant below the surface of the earth. In this case, a 
spring absolutely similar to a natural one, and capable of 
answering every domestic purpose, may be constructed 
bjTthe following process. 

Uncover this bed of clay for the extent of an acre, or 
about 70 yards in length, and the same in breadth. A 
border of clay must be formed at the lower end, leaving 
oidy one aperture at the lowest point, through which the 
water may issue. To this aperture adapt a stone with a 
bole in it, about an inch in diameter. Then collect pebbles 
of various sizes, and cover this area with the largest, leaving 
ap interval of a few inches only between them. Place 
others, somewhat smaller, above the interstices left by the 
former; arranging several strata in this manner above 
each other, always diminishing the size, till the last are 
aniy very large gravel. Cover the whole, to the thickness 
of some inches, with coarse sand, and then with some that 
is finer ; but if moss can be procured, it will be proper to 
cover the very large gravel with it to tlie thickness of half 
an inch, to prevent the sand from falling into the interstices 
between the, pebbles. 

It is evident that the rain water, which falls on the sur- 
E»ce of this area, will penetrate through the sand, flow into 
the interstices between the pebbles, which cover the bed 
of clay, and at last, in consequence of the inclination of 
tbe ground, will proceed towards the aperture at the 

VOL. IV. L 
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bottom, through which it will issue in a stream of 
or less size, according to the abundance of the rain* 

Now, if we suppose that the water which falls annually 
on this piece of ground is 18 inches in height, it will be 
found that the quantity of water collected, will be 66150 
cubic feet; and if we suppose one fourth wasted by eva- 
poration, or remaining between the joints and interstices 
of the stones, sand and moss, we shall - still have about 
49600 cubic feet of water in the year, or about 303M0 
gallons ; that as to say, alipost 1000 gallons per day^ « 
quantity much more than is necessary for the laif[«8t 
family. 

It will perhaps be said, that such a spring of water 
would cost exceedingly dear. This we shall admit. But 
we much doubt whether the construction of it would cost 
so much as that of a large cistern, which, to confine the 
water, requires to be lined with clay or cement: besides, 
the water collected by a cistern, is only the rain mUer 
which falls firom the roofs of a few houses, and which is 
consequently impure. 

Besides, it might be rendered much less expensive by 
preparing, in the above manner, a small portion of ground, 
such as twenty yards square ; and, to increase the quantity 
of rain water thus obtained, which would not exceed 5400 
cubic feet, that which fell on the neighbouring ground 
might be conveyed thither by small drains, from the 
distance of some hundred yards. By these means, a very 
abundant reservoir of filtred water might be formed at a 
very small ex pence ; and the proprietor would enjoy the 
pleasure of having a spring, exactly similar to those fur- 
nished by nature. 

We are only apprehensive that the water would flow off 
with too much rapidity; but this inconvenience might 
be prevented by making the aperture through which it 
escaped of such a size as to render it perpetual ; or by 
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adapting to it a cock, and keeping it shut till it might be 
necessary to draw water. 

PROBLEM XLVI. 

fVÂat is ike weight of the air with which the body of a man 

is continualh/ loaded? 

Who would imagine that the haman body is continually 
loaded with the weight of twenty or thirty thousand 
pounds, which compresses it in every direction? This, 
howerer, is a truth which has been placed beyond all 
doubt by the discovery of the gravity of the air. 

Every fluid presses on its base, in the ratio of the extent 
of that base, and of its height. But, it has been proved, 
that the weight of the air is equivalent to- the weight' of a 
éohunfi of water 32 feet in height ; consequently evérj"- 
iqnâiie foot, at the surface c^ the earth, is charged with a 
•ffluain of air equal to one of water of 33 cubic feet ; that 
k to say SOOO pounds, as a cubic foot of water weighs 6d 
poÉada and a half. The sur6x;e of the body in a man of 
moderate size is estimated at 14 square feet; and therck 
fiMKV if 2000 be multiplied by 14, we shall have 28000 
iMHinds for the weight applied to the suHbce of the body 
#fi.moderate sized man. 

- Bot| how is it possible to withstand such a load? The 
wsw^ is easy : the whole human frame is fUled with sÂr, 
wfaîeb is in equihbrium with the exterior air. Of this th^r^ 
CÉII be no doubt ; for an animal placed under the receiv^f 
•fas air pump, swells up as soon as the machine beginit to 
h# evacuated of w ; and if the operation be continued, it 
vill distend so much that it* will 9t length perish, and even 
burst. 

It is the diflereoce of this gravity that renders us more 
aotîre or oppressed, according as the body is more or less 
loflded. In the first case, the body l^ing moFe contracted 
by the weight of the air, the blood circ&lartes with greater 

l2 
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rapidity ; and all the animal functions are performed with 
more ease. In the second, the weight being diminished, 
the whole machine is relaxed, and the orifices of the vessels 
become rejaxed also; the motion of the blood is more 
sluggish, and no longer communicates the same activity 
to the nervous fluid; we are dejected, and incapable of 
labour, as well as of reflection, and this is the case in par- 
ticular when the air is at the same time damp ; for no- 
thing relaxes the fibres of our frail machine so much as 
moisture. 

PBOBLEM XLVn. 

Method of constructing a small machine^ which j like the 
statue of Memnon, shall emit sounds at sun-rise. . 

The story respecting the statue of Memnon, exhibited 
in one of the temples of E^pt, is well known. If we can 
credit the ancient historians, it saluted the rising sun by 
sounds, which seemed to proceed from its mouth. But 
however this may be, a similar effect can be produced in 
the following manner. 

Provide a pedestal, in the form of a hollow parallelo- 
pipedon abc, pi. 4» fig. 22 ; and let the cavity be divided 
into two parts, by a partition de^ The lower part must 
be very close, and filled with water to a third of its height : 
the remainder must be filled with air. The partition db 
must have a hole in it to receive a pipe, some lines in 
diameter, well soldered into it, and which reaches nearly 
to the bottom of the lower cavity. This tube must contain 
such a quantity of water, that when the air is cooled to 
the temperature of night, the water shall be nearly at the 
level of F6. One of the faces of the pedestal must be so 
thin, as to become easily heated by the rays of the sun. 
Of all metals, lead is the soonest heated in this manner ; 
and therefore a thin plate of lead will be very proper fop 
the required purpose. 
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KL is an axis, which revolres freely on Hs pivots at k 
and L ; round this axis is rolled a very flexible cord» which 
: supports on the one hand the weight n, and on the other 
the weight m, which moves freely in the pipe hi. The 
ratio pf these weights must be such, that m shall pre- 
ponderate over N, when the former is left to itself; but n 
must preponderate when the former loses a part of its 
;weight by floating in the water ; this combination will not 
^be attended with much difficulty. ^ 

In the last place, the axis kl supports a barrel, some 
inches in diameter, and a few inches in length, implanted 
with spikes, which, touching keys like those of a harpsi- 
chord, raise up quills and make them strike against strings, 
properly attuned. The air must be finished in one or two 
revolutions of the barrel, and it must be exceedingly 
simple, and consist of a few notes only. All this mechanism 
may be easily inclosed in the upper cavity of the pedestal. 
«On the top of it must be placed a figure or bust, represent* 
ing that of Memnon, with its mouth open, and in the 
attitude of speaking. It would not be difficult to connect 
its eyes with the axis kl, in such a manner as to render 
them moveable. 

% , From this description it may be readily conceived, that 
t)ie side of the pedestal, exposed to the east, cannot receive 
^jtfae rays of the sun without becoming hot ; and that, when 
heated, it will heat the air contained in the lower cavity; 
jll^.air will make the water rise in the pipe hi, by which 
infans the weight n will preponderate, and cause the axis 
jKL to revolve, and consequently the cylinder furnished 
,with spikes, which ^ill raise the keys; and in this manner 
jtbe air that has been noted will be performed. But for 
this purpose the diameter of the axis kl must be sp pro- 
portioned, that the weight n by descending, two lines for 
example, shall cause the cylinder to revolve once or twice 
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wkli sufficient rapidity, tn mjike the sounds sutceed eacli 
Other quick enough to form an air. 

Father Kircher, it is said, had in his Museum a, machine 
-«early of the same kind ; a description of which has been 
given by Father Schott ; but we think ourselves authorized 
to assert, that it could not produce the desired effect; 
for Schott says that the air was impelled through a small 
pipe against a kind of vanes, implanted in a small wheel ; 
but as the air, in this manner, could issue only very slowly, 
it is evident that no motion could be communicated to the 
"wheel. If Kircher's machine then produced nny effect, ss 
said, the mechanism of it has not been properly described 
by Schott. "We will not venture however to assert, that 
the one in question will answer tiie intended purpose, as 
we much doubt whether the rising sun would rarefy the 
air, contained in its lower cavity, in a manner sufficiently 
sensible in all climates. 

Remark. — We shall say nothing farther in regard to 
machines which may be put in motion by the compression, 
or the rarefaction, or condensation, &c, of the air; for if 
we should imitate Father Schott, we might find sufficient 
matter to fill a quarto volume. We shall therefore refer 
those who are fond of such machines to the Mecanica 
hydTanlico-pneumatica of that Jesuit, printed at Frankfort 
in 1651, +to; and to his Tecknica curiosa or MirabUvt 
Jrlis. Herbip. 166t, 2 vols. 4to. 

The reader will find in these books abundance of such 
frivolous inventions, extracted for the most part from the 
works of Father Kircher, who paid a good deal of attest 
tion to them ; and from the Spiritalk of Hero ; and from 
Alleoti his translator and commentator; as also the Philo- 
mphia Fontium, of Dobrczensky, Sec, &c. 
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PROBLEM XLVIII. ' 

The phenomena of Capillary Tubes. 

'Capillary tubes are tubes of glass, the interior aperture , 
of which is very narrow, being only half a liae, or less, in 
diameter. The reason of this denomination ^ay be readily 
perceived. 

. These tubes are attended with some singular phenomena, 
in the explanation of which, philosophers do not seem to 
bave agreed. Hitherto it has been easier, in this respect, 
to destroy, than to build up. The principal of these 
phenomena are as follow : 

I. It is well known that water, or any other fluid, rises 
to the same height in two tubes which have a communica- 
tion with each other; but if one of the branches be 
capillary, this rule does not hold good : the water in the 
capillary tube rises above the level of that in the other 
jbraofib, and the more so, the narrower the capillary 

Ni>eis> 
It seemed very easy to the first philosophers, who be» 

tick) this phenomenon, to give an explanation of it. They 
niipposed that the air, which presses on the water in the 
ipapïUary tube, experiences some difficulty in exercising 
its action, on account of the narrowness of the tube ; and 
ébat the result must be an elevation of the fluid on that 
'flide. 

: This however was not very satisfactory; for what rea- 
flsn is there to think that the air, the particles of which 
are so minute, will not be at perfect freedom in a tube 
half a line, or a quarter of a line, in diameter ? 

But whether this explanation be satisfactory or not, it 
is entirely overturned by the second and third phenomena 
of capillary tubes. 

II. When mercury is employed, instead of water, this 
fluid, instead of rising in the capillary branch, tp tlie 
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level which it reaches in the other, remains below that 
level. 

III. If the experiment be performed in vacuo, every 
thing takes place the same as in the open air. The cause 
of this phenomenon then is not to be sought for in the 
air. 

IV. If the inside of the tube be rubbed with any greasf 
matter, such as tallow, the water, instead of rising above 
the level, remains below it. The case is the same, if the 
experiment be made with a tube of wax, or the quills of 
a bird, the inside of which is always greasy. 

V. If the end of a capillary tube be immersed in water, 
tliis fluid immediately rises above the level of that in the 
vessel, and to the same height to which it would rise in m 
syphon, if one of its branches were a capillary tube, and 
the other of the common size ; so that if the surface of 
the water only be touched, it is immediately attracted^ «a 
it were, to the height above mentioned, and it remains 
suspended at that height when the tube is removed from 
the water. 

VL If a capillary tube be held in a perpendicular 
direction, or nearly so, and if a drop of water be made to 
run along 4ts exterior surface, when the drop reaches its 
lower aperture, it enters the tube, if it be of sufficient 
size, and rises to the height at which it would stand, above 
the level, in the branch of a syphon of that calibre. 

VII. The heights at which water maintains itself ia 
capillary tubes, are in the inverse ratio of the diameters. 
Thus, if water rises to the height of 10 lines in a tube one 
3d of a line in diameter, it ought to rise to the height of 
20 lines in a tube one 6th of a line in diameter, and to the 
height of 100 in a tube one 30th of a line in diameter. 

The falling of mercury below the level in such tubes, 
follows also the inverse ratio of the diameters of the tubes. 

VIII. If a capillary tube be formed of two parts of un- 
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aqual calibres, as seen pi. 4, %• 23, where the diameter of 
AB is much less than that of bc, and if ab be the height at 
irhich the water would maintain itself in a tube such as 
IB, and cd thdX at which it would remain in the larger one 
BCy, when this tube is immersed in such a manner that the 
iperture of the smaller end b, shall be raised above the 
bvel, by a height greater than cd, the water will maintain 
teelf as seen fig. 24, at that height cd above the level : 
but if the tube be immersed in such a manner that the 
Irater shall reach to b, it will immediately rise to the same 
height as if the tube were of the same calibre as that before 
Mntioned. 

The case is the same, if the capillary tube be immersed, 
beginning with the narrower branch. 
. IX. Those persons would be deceived who should ima- 
pne, that the lightest liquors rise to the greatest height 
in these tubes : of aqueous liquors, spirit of wine is that 
éiàeb rises to the least height. In a tube in which water 
ÎB6S 2& lines, spirit of wine rises only 9 or 10. The 
aleiration of spirit of wine, in general, is only the half or 
itbird of that of water. 

' This elevation depends also on the nature of the glass : 
a certain tubes, water rises higher than in others, though 
iKHr calibres be the same. 

'* To be convinced that these effects are not produced by 
my thing without the tube or the liquor, it is necessary to 
lee these phenomena, which are indeed the same in a 
iHnittfB, or in air highly rarefied, as in the air which we 
ireatbe. They vary also according to the nature of the 
l^asti of which the tube is formed ; and they are different 
Rscording to the nature of the fluid. The causes there> 
bfe must be sought for in something inherent in the nature 
if the tube^ and in that of the fluid. 
^This cause is generally ascribed to the attraction 
owtually exercised between glass and water. This ex- 
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planation has been controverted by Father Gerdil, a Bar*- 
Tiabite and an able philosopher^ ^ho has done every thii^ 
in his power to overturn it. On the other hand, M. Latande 
has stood forth in its defence, and is one of those modem 
writers who have placed tliis explanation in the clearest 
light. The reader may consult also, on this subject,. a 
very learned and profound memoir by M. Weitbrecht, 
in the Memoirs of the Imperial Academy of Sciences at 
Petersburg* 

PROBLEM XLIX. 

Of some attempts to produce a Perpetual Motion, Ay meaifs 

of capillary siphons. 

When philosophers saw water rise in a capillary tuba» 
above the level of that in which it was immersed, or above 
that at which it stood in a wider tube, with which is formed 
an inverted siphon, they were induced to conjecture the 
possibility of a perpetual motion ; for if the water,, aaid 
they, rises to the height of an inch above that level ^ let yi 
interrupt its ascent, by making the tube only three quarters 
of an inch in height: the water will then rise above the 
orifice, and failing down the sides into the vessel, the 
same quantity will again rise, and so on in succession. 
Or, if the water that rises in the capillary branch of a 
siphon be conveyed, by an inclined tube, into the other 
branch, a continual circulation of the fluid will take place; 
and hence a perpetual motion given by nature. 

But, unfortunately, this idea was not confirmed by ex- 
periment. If the accent of water, in a capillary tube, be 
intercepted, by cutting the tube at half the height, fof 
example, to which the water ought to rise, the latter will 
not rise above the oriBce to trickle down the sides. And 
the case will be the same in the other attempt. 

The following, however, is a very ingenious one; and 
it is difficult to discover the cause of its not succeeding* 
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bet ABC, pi. 4, fig. 25, be a capillary tube, the diameter 
of the long branch of which is much smaller than that of 
éke ôtiier : it is supposed, that if the orifice A be immersed 
in the water contained in the vessel dr, it will rise to b, 
the summit of the bending of the tube ; and that in the 
other branch bc, it will rise only to the height ch abore 
Urn level. 

• ' If the siphon be filled with water, and if it be immersed 
to such a depth that the water can rise, as above said, to 
the bending b, it appears evident, and incontestable, that 
the water in the part bh, will force down that contained 
kk CN. But this cannot take place without the water con^ 
laioed in ab following it ; hence the water will continually 
aseend from a to b, and fall down into the vessel, through 
the branch bc. Here then we have a perpetual motion. 

NoAing is more specious ; but unfortunately this illu- 
mm h destroyed also by experience ; the water does not 
ftH through the branch bc ; on the contrary, it rises till 
the branch ab alone is full. 

We think it our duty to subjoin here another idea of à 
pei^petual motion, by means of two siphons, though the 
«ijphons employed for this purpose are not altogether 
cM^ttlary. It deserves the more attention, as it was not 
proposed by an obscure person, but by one who is justly 
elMBed among the greatest mathematicians : we mean the 
criebrated John BerOoulU. 

Let there be two liquors, said Bernoulli, susceptible of 
biritig mixed together, the specific gravities of which are 
as die lines ab and cd ; it i» well known that if two tubes, 
#bich eommunicate with each other, have their heights 
above the branch of communication in the same ratio, the 
lÉNirtest branch may be filled with the heaviest fluid, and 
die longest with the lightest, and these two floids will re^. 
main in equilibrio; hence it fellows, that if the longer 
branch be cut somewhere below the length it ought to have. 
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the fiaid contained in tbû braocb will ran iotb Âè ISfes 
one. 

Let us now wppiHe ttut the shorter brancb sr, pL 4, 
6g. 26, U filled wiib a Sukl cotnpo*ed of two liqoors ta 
difla«nt specific graritiei, and tbat a ÊJtre be placed in 
tbe point p, so as lo aSbrd a pa«age only to ibe lighter; 
let tbe tube fg be filled witb tbe latter, and let its height 
be MMnewhat leu, in order to estabiisb an eqailibrioiB 
between tbe liquor in the branch ep, aod that in fc. 

Thing* being in tim sute, as the filtre sufiers ootj tbe 
lighter liquor to pass, tbe latter, in consequence of the 
equilibriuoi being destroyed, will be impelled outwards, 
through tbe orifice o; and coDseqoently may be coareyed 
by a small pipe into Ibe oriBce e, where it will again mix 
with tiie liquor contained in ef: and this effect will always 
continue, because the colnoin of liquor gf will be too hgbt 
to counterbalance the compound column ep. Here then 
we have a perpetual moiioa ; and this, says Bernoulli, ii 
that which maintains tbe rirers, by means of tbe water of 
the sea ; for, adhering to the old ideas, in regard to tbe 
origin of fountains, he imagined it was by a similar me- 
chanism that the sea water, deprived of its salt, was con- 
veyed to the summits of the mountains. He only re- 
jected the idea of those who pretend that it rises above 
its level, in consequence of tbe property of capillary 
tubes ; for he remarked that in that case it would not flow 
down. 

We will not venture to assert what might be the case, 
if it were po»sil>le to realise the suppositions of Bernoulli: 
we are however slrongly inclined to believe, that it would 
not succeed; and as the above reasoning, in regard to 
capillary tubes, though in appearance convincing, is behed 
by experience, we are of opinion that the case would be 
the satne with this of Bernoulli. 
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PROBLEM L. 

The prodigious force of moisture to raise burthens. 

One of thé most singular phenomena in physics, is the 
force with which the vapour of water, or moisture, pene- 
trates into those bodies which are susceptible of receiving 
it. If a very considerable burthen be affixed to a dry and 
well stretched rope, and if the rope be only of such a 
length as to suffer the burthen to rest on the ground, on 
moistening the rope, you will see the burthen raised up. 

The anecdote respecting the famous obelisk erected by 
PopeSiztus V, before St. Peter's at Rome, is well known. 
The chevalier Fontana, who had undertaken to raise this 
moDumient, was, it is said, on the point of failing in his 
operation, just when the column was about to be placed 
on its pedestal. It was suspended in the open «îr ; and as 
the ropes had stretched a little, so that the. base of the 
obelisk could not reach the summit of the pedestal, a 
Frencbaian cried out <* Wet the ropes.*' This advice was 
followed; and the column, as if of itself, rose to the ne- 
cessary height, to be placed upright on the pedestal pre- 
pared for it. 

This story however, though often repeated, is a mere 
bble. Those who read the description of the manœuvres 
wldch Fontana employed to raise his obelisk, will see that 
be bad no need of such assistance. It was much easier to 
cause^hb capstans to make a few turns more, than to go in 
quest of sponges and water to moisten his ropes. But the 
story is established, and will long be repeated in France, 
l'ecause it relates to a Frenchman. 

However^ the following is another instance of the power 

^^moisture^ in overcoming the greatest resistances: it is 

^^ method by which millstones are made*. When a mass 

^^ this stone has been found sufficiently large, it is cut 
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into the form of a cylinder, several feet in height ; and 
the question then is, how (o cut it into horizontal pieces^ 
to make as many millstones. For this purpose, circular 
and h<Hrizontal indentations are cut out quite aroutid it, 
and at proper distances, according to the thickness to be 
given to the millstones. Wedges of willow, dried in an 
oven, are then driven into the indentations, by means of a 
mallet* When the wedges have sunk to a proper depth, 
they are moistened, or exposed to the humidity of tha 
night, and next morning the different pieces are found 
separated from each other. Such is the process which, 
according to M. de Mairan, is employed in different places 
for 'constructing millstones. 

By what mechanism is this effect produced ? This ques- 
tion has been proposed by M. de Mairan; but in ont 
opinion, the answer which he gives to it is very unsatis- 
factory. It appears to us to be the eSect of the attraction 
by which the water is made to rise in the esteeediiigly 
narrow capillary tubes with which the wood is filled. Let 
us suppose the diameter of one of these tubes to be only 
the hundredth part of a line ; let us suppose also, that the 
inclination of the sides is one second, and that the force 
with which the water tends to introduce itself into the 
tube, is the fourth part of a grain : this force so very smaU, 
will tend to separate the flexible sides of the tube, with a 
force of about 50000 grains ; which make about 8|- pounds. 
In the length of an inch let there be only 50 of these tubes, 
which gives 2500 in a square inch, and the result will be 
an effort of 21875 pounds. As the head of a wedge of the 
kind above mentioned, may contain four or five square 
inches, the force it exerts will be equal to about 90 or 100 
thousand pounds ; and if we suppose 10 of these wedges 
in the whole circumference of the cylinder, intended to 
form millstones, they will exercise together an effort of 
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900 thousand or a million of pounds. It needs, therefore, 
excite no surprise that they should separate those blocks^ 
into the intervals between which they are introduced* 

PROBLEM LI. 

Of Papin*s Digester. 

Papin's digester is a vessel, by means of which a degree 
of heat is communicated to water, superior to that which 
it acquires when it boils. Water indeed exposed to corn* 
mon air, or the mere pressure of the atmosphere, however 
strongly it boil, can acquire only a certain degree of heat, 
which never varies ; but that inclosed in Papin^s digester 
acquires such a degree, that it is capable of performing 
operations, for which common boiling water is absolutely 
insufficient. A proof of this will be seen in the description 
of the effects produced by this machine. 

This vessel may be of any form, though the cylindric 

or 'spherical is best ; but it must be made of copper or 

brass. Â cover must be adapted to it, in such a mianner, 

as to leave no aperture through which the water can 

escape. To prevent the vessel from bursting, a hole ië 

made in the side of it, or in the cover, some lines in dia^ 

meter, with an ascending tube fitted into it, on which is 

placed the arm of a lever kept down by a weight. This 

lerer serves as a moderator to the heat ; for if there werej 

«0 weight on the aperture of this regulator ,^ the water, 

vben it attains to a certain degree of common ebullition, 

would escape almost entirely through the aperture, either 

Û water or in steam : if the weight be light, the water, in 

<^der to rsÀse it, must assume a giteter degree of heat. If 

^re were no regulator of this kind, the machine might 

l^urst into pieces, by the expansive force of the steam» 

^or this reason, it is proper that the machine should be of 

^«ctile copper, and not of cast iron ^ because the former 
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of these metals does not burst like the latter, bût tears As 
it were ; so that it is not attended with the same dangerous 
consequences. 

When the machine is thus constructed, fill it with water, 
and having fitted on the cover, let it be fastened strongly 
down by a piece of iron placed over it, which can be well 
secured by screws: then complete the filling it through 
the small tube which serves as a moderator or register, and 
set it over a strong fire. The water it contains cannot 
boil ; but it acquires such a degree of heat that it is able, 
in a short time, to soften and decompose the hardest 
bodies; while the same effect could not be produced bj 
ebullition continued for several weeks: it ii even said that 
the lieat may be carried so far, as to bring tlie machine to 
a state of ignition ; in which case it is evident that the 
water must be in the same ; but in our opinion this experi- 
ment is exceedingly dangerous. 

However, the following are some of the effects of this 
heat, when carried only to three, four, or five times that 
of boiling water. 

Horn, ivory, and tortoise shell, are softened in a short 
time, and at length reduced to a sort of jelly. 

The hardest bones, snch as the thigh bone of an ox, are 
also softened, and at length entirely decomposed ; so that 
thegelatinous part is separated from them, and theresiduuin 
is nothing but earthy matter. When no more than the 
proper degree of heat has been employed in this decom- 
position, the jelly may be collected ; it coagulates as it 
cools, and may be made into nourishing soup, which would 
be equal to that commonly used, if it had not a taste some- 
what empyreumatic, I* his jelly may be absolutely formed 
into dried cakes, which will keep exceedingly well, pro- 
vided they be preserved from moisture. They may serve 
as a substitute for meat soup, &c. 

Hence it may be conceived, how useful this machine 
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might be rendered in the arts, for economyi and in navi« 
gation* 

From these bones, thrown away as useless, food might 
be obtained for the poor in times of scarcity, or some 
ounces of bread, with soup made from the above cakes^ 
would form wholesome and nourishing aliment. 

Sailors might carry with them during their long voyages 

some of these cakes, preserved in jars hermetically sealed ; 

they would cost much less than preparations of the same 

kind from meat, as the matter of which the former are 

made is of no value. The sailors, who are accustomed to 

live on salt provisions, would be less exposed to the 

scurvy. At any rate, these cakes might be reserved till a 

scarcity of fresh meat, or of any other kind of provisions, 

winch so often takes place at sea. It would be a great ad* 

vantage to have collected into a small volume the nourish- 

iDg part of several oxen ; for since a pound of meat con-» 

tains, at least, an ounce of gelatinous matter reduced to 

dryness, it thence follows, that 1500 pounds of the same 

meat, which is the whole weight of a bullock, would give 

only 94 pounds, which might be easily contained in an 

earthen jar. / 

It) the last place, it would be of great use to the arts, to 

be able, with a machine of this kind, to soften ivory, horn, 

bone, and wood, so as to render them susceptible of being 

n^oulded into any form at pleasure. 

PROBLEM LII. 

^hat is ike reason that in winter ^ when the weather sud^ 
denfy becomes mild, the air in houses continues, even/or 
Jetterai days, to be colder than the exterior air If 

This question will present no difficulty to those who «re 
^c^uainted with the phenomena of the communication of 
^^t. It is well known indeed, that the rarer a body, is, 
^^ less time it requires to become hot, or to cool ; and, Xffx 
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the otfaei" handy that the denser it is, the mote obstinately 
it retains the heat it has acquired. 

Hence it may be easily conceived, that when cold bas 
prevailed for some time, all the bodies of which our bouses 
are composed, are cooled to the same degree as the ex<* 
terior air. But when the exterior air, by any particular 
cause^ becomes suddenly warmer, these bodies do not im- 
mediately assume the same temperature: they lose only 
gradually that which they had acquired ; and during thii 
time the interior air, which is surrounded by them, retain» 
the same degree of cold. 

Houses strongly built^ that is to say constructed of good 
squared stone, which have thick wallsy must, for this reik 
son, retain much longer the cold they have received from 
the exterior air ; and, for the same reason, the air within 
these houses will remain longer at a temperature below 
that of the atmosphere, than in houses built in a slighter 
manner : for the same reason also, it will be less cold in 
such houses, at the commencement of winter, than in 
slighter bouses* 

PROBLEM LlII. 

Of some natural signs, by which a change of the present 
temperature of the air can be predicted. 

This part of philosophy, we must confess, is still in its 
infancy. No person has ever yet been able to make a 
series of observations, sufficient to show the connection 
whicb subsists between the temperature of the air, and 
difierent physical signs which are commonly supposed to 
precede tbem. We expected to find a great deal on this 
subject in Father Cotte's Traité de Météorologie; but this 
work, exceedingly useful in other respects, does not say 
a word on the subject. We shall therefore here confine 
ourselves to a few of those signs, which are commonly 
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considered as indications of good or bâd weather. We 
irill not however warrant them as infallible. 

1st. When a strong hoar frost is seen on the ground in 
the morning, during winter^ it will not fail to rain the'se- 
cond or third day after, at farthest. 

2d. It has also been remarked y that it commonly rains 
on the day when the sun appears red or pale; or the next 
day when the sun at the time of setting is involved in a 
large, cloud : in this case, if it rains^ the next day is ex- 
ceedingly windy. The same thing almost always takes 
place also, when the sun at setting appears pale. 

3d. When the sun is red at the time of his setting, it is 
cominonly a sign of fine weather the next day : on the 
ether hand if he rises red^ rain or a strong wind commonly 
t^kes place the day after/ 

4th. When a white mist or vapour is seen to rise from 
the water or marshy places, after the sun has set, or a little 
I>efore he rises, one may conjecture, with some degree of 
probability, that the next day •^vill be fine. 

5th. When the moon is pale, it indicates rain ; when 
^ed, wind may be expected ; and when of a pure and sil- 
ver colour, it is a sign of fair weather, according to this 
iVerse : 

PaUida iuna pluit, rubicunda flat, alba serenat. 

€th. When small black clouds detached ^rom the rest, 

^nd lower, are seen wandering here and there, or when 

^^vcral clouds are seen collected in the west, at sun rise, it 

*s a. sign of a future tempest. If these clouds, on the other 

l^atid, disperse, it is a sign of fine weather. When the sun 

appears double or treble through clouds, it prognosticates 

^ Monu of a long duration. It Is the sign of a great storm 

ulso, when two or three bFokcn and spotted circles are 

*een around the moon^ 

Ith. When an iris, or rather halo, is seen around the 
«noon, it is a sign of rain ; and if a halo is seen around th© 
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When the ants quit their labour, and conceal themselves 
in the earth ; 

When the oxen, lying together, frequently raise their 
heads, and lick each other's muzzles ; 

When the cocks crow before their usual hour ; 

When domestic fowls flock together, and squeeze them^ 
selves into the dust ; 

When toads are heard crying in elevated places. 

10th. During the time of rain, if any small blue space 
of the heaven be observed, one may almost be assured that 
the rain will not be of long duration : this sign is well 
known to huntsmen. 

llth. Very violent storms, when accompanied with 
earthquakes, are almost always preceded by an extraordi- 
nary calm in the air, and of that alarming kind which 
se^ms the silence of nature about to be convulsed. Ani- 
mals, more sensible of these natural indications than man, 
are frightened by it, and hasten to their retreats. Some- 
times a hollow subterranean noise is heard. When «11 
these signs are united, the inhabitants of the unfortunate 
countries, subject to these destructive scourges, ought to 
fly from their Jiouses, that they may avoid the danger of 
being buried under their ruins. 

We shall not entertain our readers with the prolix de- 
scription which Ozanam, or his continuator, here gives of 
one of these storms which spread devastation throughout 
the kingdom of Naples, in the time of the famous queen 
Jean. 

12th. An English navigator says he observed that an 
aurora-borealis was always followed, in the course of a few 
days, with a violent gale from the south-east; and he 
gives this notice to navigators, about to enter the channel, 
that they may be upon their guard *. 

* See Pbilos. Transact toI. ltv, p. 1. 
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PKOBLEM LIV. 

The Phial tfthe Eiementt. 

Some philofiopliers tiare preteoded to gire an iika c 
the iiivariabte aod necessary airat^etneot of what they 
call the four elements, by the foltoving process. 

Take ^lass, or biack enamei, or apy other vitreoos body, 
reduced to powder, to represent tbe earth. 

Water nill be represented by the fixed alkali of tartar 
per deliquiunt, otherirke called oil of tartar. 

Air may be represented by spirit of wine, slightly tinc- 
lured blue by means of turnsole. 

And fire may be represented by means of petroleum, 
iii{{iiiy recliâed, to which a tight red coionr tuu been com- 
■nuniciited by Brazil nood. 

Having prepared these four matter», pour them into a 
Jung narrow glass phial, till four-Ofths of it are filled; 
taking care to pour nearly an equal quantity of each, and 
close the phial bermetieally. If you tiien shake the pbial, 
the whole will be mixed together ; but as soon as it is left 
at rest, the four diflereiit mittters will separate from each 
other: the pulverised gliiss or enamel will fall to the bot- 
tom ; the fixed alkali or oil of tartar will place itself above 
it; the spirit of wioe will be next; and last of all the pe- 
troleum, acconhng to the order of their specific gravities. 

Remark. — It may be easily seen that the inventors of 
this pretended representation were very poor philoso- 
phers ; for though it be true, in general, that ea,rtli is 
. heavier than water, wnter llian air, and the latter that) fire, 
it is entirely false that fire occupies the upper part, as a 
> very intense cold certainly prevails in the celestial re- 
gions. Besides, all these elements, as they are here caljed, 
are generally mixed together, since the hardest stone con- 
tains a third of water, a great number of times its volume 
of air, and mpre or less fire according to its temperature. 
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PROBLEM LV. 

To separate two liquors ^ which have been mixed together. 

This operation is merely an application of the property 
of capillary tubes, and of that law of nature by. which 
homogeneous fluids, when near each other, unite together. 
This is observed to be the case with two drops of mercury, 
or water or oil, when they come into contact. It is even 
probable, that before they are in contact, they lengthen 
themselves, and mutually approach each other. 

Ho.wever, if you are desirous of separating water, for 
example, from the oil with which it has been mif ed, take 
a bit of cloth or sponge, well moistened in water, and 
place it, immersing it by one end, in the vessel containing 
the liquors to be. separated : the other end must be made 
to pass over the edge of the vessel, and to hang down 
much lower than the surface of the liquor : this end will 
soon begin to drop, and in this manner will attract and 
sepiMQEtte all the water mixed with the oil. 

If ijt be required to draw oflF the oil, the rag or sponge 
rnu^t be first immersed in that liquid. 

But those who should imagine that wine or alcohol jcan 
be separated in this manner from water, would be d&- 
çeiyed : in order that the operation may succeed, the two 
. JiquQrs must be nearly immiscible together, otherwise they 
jrill both pass over at the same time. This process, there* 
fore» cannot be employed for separating water from wine, 
jj^pugh it has been given in the preceding editions of the 
JMbthemat^cal and Philosophical Recreations, with many 
pthers^equally childish. 

The colouring part of the wine appears indeed to re- 
xnaia behind, because it is less attenuated than the phlegm 
^nd, spirit ; but in reality these two liquors, of which wine 
^pntially consists, are not separated from each other. 
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. icf cause of the Ebullition of Water f 

..> ijuestion, on the first view, may appear as 

iiporcdiice, it deserves to be examined ; for those 

.i.«;iit iaiagine that the bubbling observed in water 

. î boils, is the necessary consequence of the heat it re* 

. ^.^, would be deceived. That the contrary is the case 

..y be proved by the fol lowing, experiment. 

Immerse, with the necessary care, any vessel, such as a 
jDttle filled with water, for example, into a kettle contain- 
.:tg water in a strong state of ebullition ; the water in the 
buttle will not fail to assume, in a short time, a degree of 
heat absolutely equal to that of the water which boils ; this 
will be proved by means of a thermometer, yet the small- 
est sign of ebullition will not be observed in it. 

What then is the cause of that observed in the water, 
which is immediately exposed to the action of the fire ? 

In our opinion, the boiling up is the effect of portions 
of the water, which touch the sides of the vessel, suddenly 
converted into vapour by coming into contact with these 
sides; for when a vessel rests on burning coals, its bottom 
tends to receive a degree of heat much greater than that 
necessary to convert immediately into vapour a drop that 
falls upon it. The pellicle of water which touches the 
bottom must, therefore, be continually converted into 
vapour ; and this indeed is the case ; for bubbles of an 
elastic fluid are continually seen rising from the bottom, 
and these bubbles, carried by an accelerated motion to the 
surface, in consequence of their lightness, produce there 
that bubbling which constitutes ebullition. 

But the water contained in the bottle, immersed in the 
boiling liquid, cannot assume a degree of heat greater than 
that of boiling water ; because, however strong the ebul- 
lition may be, the water does not acquire a greater degree 
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of beat. On the other hand, a piece of metal, heated only 
to the degree of boiling water, does not convert the water 
which it touches into vapour ; the water therefore con- 
tained in the interior vessel, though become equally warm, 
cannot boil. Such is the explanation of the two phe- 
nomena ; and their necessary connection with each other, 
as well as with the assigned cause, proves the truth of that 
cause. 

PROBLEM LVII. 

What is the reason that the bottom of a vessel^ which contain^ 
water in a high state qfebtiUition, is scarcely warm? 

Before we attempted to enquire into the cause of this 
phenomenon, we thought it proper first to assure ourselves 
of the fact, for fear of exposing ourselves to ridicule, like 
those who explain in so ingenious a manner the pheno^. 
menoq of the child in Silesia with the golden tooth ; a 
phenomenon however which was only a deception, as well 
as that which occurred to the marquis of Vardes, explained 
with so much sagacity by Regis, and which however was 
the trick of a servant And the case is the same with many 
others, which ought first to be confirmed, before we at- 
tempt to explain them. We brought water therefore to 
a strong state of ebullition, in an iron vessel, and having 
touched the bottom of it, while the water was boiling, we 
indeed found that it had but a very moderate heat ; it did 
not begin to be burning hot, till the moment when the 
ebullition had almost ceased. 

In our opinion, this effect is produced in the following 
nâÀniiér : we have alteftdy shown, that the ebullition is oc- 
oasîonéd by the pellicle of water, which touches the bot- 
ILoim of the veiisel, being continually converted into vapour. 
nPbis conversion into vapour cannot take place, without the 
%>ottom always losing some of that heat, which it acquires 
^J the contact of the coals or fire. But during the interval 
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between the moment when the ressel is taken frocn the 
fire, and that when it is toacbed, as no new igneons ftnd 
reaches it, though it still continues to boil, it is prbboUe 
that the remainder of this fluid is absorbed by die waicr 
winch touches the bottom, and which is conTerted into 
vapour. 

Without giving this explanation as absolutely denoD- 
strative, we are strongly inclined to think that such is the 
real case ; and what seems to give it more probabifity is, 
that while the bottom, of the vessel, from which the boil- 
ing proceeds, is but little hot, the ddes bave the beat of 
boiling water ; so that the finger would be burnt, were it 
kept as long on them as it can be kept on the b<^tom. 
But no sooner has the boiling ceased, than the bottom it- 
self receives part of the heat of the water, and the finger 
cannot then touch it, without being burnt. 
. Remabk* — ^Tbe solution of the following little problem 
depends, in all probability, on a similar cause. 

To melt lead in a piece of -paper. 

Wrap up a very smooth ball of lead in a piece of paper, 
taking cure that there be no wrinkles in it, and that it be 
every where in contact with the ball ; if it be held, in this 
state, over the flame of a taper, the lead will be melted 
without the paper being burnt. The lead, indeed, when 
once fused, will not fail in a short time to pierce the paper, 
and to run through. 

PROBLEM LVIII. 

To measure the moisture and dryness of the air. ; Account 
of the principal hygrometers invented for thai purpose; 
their faults^ and how to constjnict a comparative hygro- 
meter. 

The air is not only susceptible of acquiring more or less 
heat, but also of becoming more or less humid. It belongs 
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therefore to philosophy^ to measare this degree of mois* 
ture ; especially as this quality of the air has a great in- 
fluence on the human body, on^ vegetation, and many 
other effects gf nature. 

This gave rise to the invention of the hygrometer, an 
instrument proper for measuring the humidity of the air. 
But it must be allowed, that the instruments hitherto 
invented for this purpose do not give that result which 
might have been expected. We have hygrometers in- 
deed, which indicate that the air has acquired more or less 
moisture than it had before ; but they are not comparative, 
that is to say, they do not enable us to compare the mois- 
ture of one day or place with that of another*. It is, 
Jïowever, proper that we should make known the different 
kinds of hygrometers, were it only that we may be able to 
appreciate their utility. 
« I. As fir-wood is highly susceptible of participating in 
the dryness or humidity of the air, an idea has been con- 
ceived of applying this property to the construction of an 
.hy-grometeiC* For this purpose, a very thiri small fir board 
is placed. across between two vertical immoveable pillars, 
.so that.the fibres stand in a horizontal direction ; for it is 
in the lateral direction, or that across its fibres, that fir 
and other kinds of wood are distended by moisture* The 
.upper edge of the board ought to be furnished with a sm^ll 
rack, fitted into a pinion, connected with a wheel, and the 
latter with another wheel having on its axis an index. It 
_inay be easily perceived, that the least motion communi- 
^cated, by the upper edge of. the board to the rack, by its 
^rising or falling, will be. indicated in a very sensible man- 
, ner by the index ; consequently, if the motion of the index 

* This is not altogether correct' M. de Luc baa described^ ia the Philo" 
wplhkal Transactions^ tbe method of constructing a hygrometer, which ap- 
protc^s very near to what might be desired in this respect. We have 
Added it to this article. . .. 
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be regulated in such a maimer, that from extreme dryness 
to extreme moisture it may make a complete revolution, 
the divisions of this circle will indicate how much the pre- 
sent state of the atmosphere is distant from either of these | 
extremes. 

This inrention is ingenious; but it is not sufficient. 
The wood retains its moisture a long time after the air 
has lost that with which it is charged ; besides, the board 
gradually becomes less sensible to the impressions of the 
air, and tiierefore produces little or no effect. 

II. An hygrometer may be made also with the beard of 
a wild oat, fixed on a small column, placed in the centre 
of a round box; the other extremity of the beard passes 
through the centre of the cover of the box, the circumfer- 
ence of which is divided into equal parts ; in the last place 
a small index, made of paper, is adapted to the extremity 
of the beard. In order to afford access to the air, it is ne- 
cessary that the sides of the box should be open, or cut 
into holes. 

When this instrument is exposed to dryer or moiitflr 
air, the small index, by turning round, either in the one 
direction or the other, indicates the state of the atmo* 
spliere. 

But this hygrometer, which is exceedingly sensible at 
first, gradually loses this property: consequently, it is a 
very imperfect instrument, as well as the following. 

III. Suspend a small circular plate by a fine string, or 
piece of catgut, fastened to its centre of ijravily ; and let 
the other end of the string be attached to a hook. Ac- 
cording as the air is more-or less moist, you will see the 
small plate turn round, in one direction or in another. This 
small machine may be covered by a. bell-glass, to prevent 
its being deranged by the agitation of the air ; but the bell 
must be elevated above the base on which it is placed, tbaLj 
the (or may have access to the string. 
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The hygrometers commonly sold are constmcted on 
this principle. They consist of a kin(j| of box, the fore 
part of which represents an edifice with two doors. On 
one side of the metal plate which turns round, stands the 
figure of a man with an umbrella, to defend him from the 
rain ; and on the other, a woman with a fan. The ap- 
pearance of the former of these figures, indicates damp, 
and that of the other, dry weather #< This pretended hy- 
grometer can serve for no other purpose, than to amuse 
children ; the philosopher must observe, that, as the varia^ 
tions of humidity are transmitted to this instrument only 
by degrees, it will indicate moisture or drought, when the 
state of the atmosphere is quite contrary. 

If a piece of cat-gut, made fast at one extremity, be 
conveyed over different pullies, as a, b, c, d, e, f, g, 8cc, 
pi. 4 fig. 27, so as to make several turns, backwards and 
forwards ; and if a weight p, be suspended from the other 
extremity, it may be easily seen, that it must rise or fall 
in a more sensible' manner, in consequence of the moisture 
or dryness of the air, according as the number of the turns 
backwards and forwards is greater. But this will be indi- 
cated better if an index hk, turning on a pivot i, and 
placed in such a manner, that the part ik shall be much 
longer than ih, be made fast to the extremity of the cord 
H : the slightest change in the moisture of the air, will be 
BiaTiifested by the point k of the index. 
• V. An hygrometer may be constructed also in the fol- 
lowing manner. Extend a cord, five or six feet in length, 
between the pegs a and b, pl^4 fig. 28, and suspend from 
the middle of it c, a weight p, by a thread pc. If an index 
DF, turning on the pivot e, and having the part ef much 
longer than de, be adapted to the thread pc, as seen at D ; 
as. the cord acb will be shortened by moisture and length- 
ened by drought, the weight p, as well as the point d, will 
xibe or fall, and consequently make the index pass over a 
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certain portion of the arc gh, tlie divisions on which will 
indicate the degree of nioblure or dryness. 

VI. Put into the scale of a balance any salt that attracts 
the moisture of the uir, and into the other a weight, in ex- 
act equiUbrium with it. During damp weather, the scale 
containing the salt wi|l sink down, and thereby indicate 
that the state of the atmosphere is moist. An index, to 
point out the differejjt degrees of drought or moisture, 
may be easily ada* >6d to it. 

This instrumcnc, however, is worse than any of the rest; 
lor salt, immersed in moist air, becomes charged with a 
creat deal of humidity -, but loses it very slowly when the 
air becomes dry : fixed alkali of tartar even imbibes niois- 
lurc, till it falls in deliquJum; that is to say, till it is re- 
duced to a liquid or fluid state. 

VIIé Music also may he employed to indicate t!ie dry- 
ness or moisture of the air. The sound of a flute is higher 
during dry than during moist weather. If a piece of cat- 
gut then, extended between two bridges, be put in a state 
of vibration, it will emit a tone with whicii a tonometre 
must be brought into unison. When the weather becomes 
moister, the string will emit a lower sound ; and the con- 
trary will be the case when the air becomes drier. 

VIII. M. de Luc of Geneva) to whom we are indebted 
for an excellent work on thermometers and barometers, 
Jttempted to construct acomparative hygrometer, and pub- 
lished a paper on that subject in the Philosophical Transac- 
tioiis. The description of this hygrometer is as follows. 

It has a great resemblance to a thermometer. The first 
and principal part is a cylindric reservoir of ivory, about 
CJ inches in length, the cylindric cavity of whicii is KJ 
lines in diameter, and the thickness ^ or ^^ of a line. This 
piece of ivory must be cut from about the middle of an 
elephant's tooth, both in regard toits thickness and length; 
• iind it is necessary that the cavity should be pierced in a 
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direction parallel to that of the fibres. Â representation of 
" this piece is seen fig. 29, n**. I , pi. 5, where it is denoted 
by the letters abc. 

The second piece is a tube of turned copper,- one end 
of which fits exactly into the ivory cylinder, while the 
other receives into its cylindric cavity a glass tube of about 
a quarter of a line internal diameter. A representation of 
it is seen fig. £9, n°. 2. 

These three pieces are strongly fixed to each other, by 
introducing into the ivory cylinder the end of the copper 
tube, destined to fill it, having first put a little fish glue 
between them. To uhite these parts better together, the 
oeck of the ivory cylinder ought to be surrounded by a 
virol of copper. ' 

A glass tube of about 30 inches in length, and of such 
a ûze as to fit into the same cavity, is also introduced into 
it, as seen fig. 29, n°. S, which represents the instrument 
completely constructed. 

It is then filled with mercurv, in such a manner that it 

shall rise to about the middle of the glass tube, and the 

ivory reservoir is immersed in water ready to freeze, 

taking care to maintain it at that temperature for several 

iiours ; for the ivory will require ten or twdve before it 

absorbs all the moisture it is capable of receiving. As 

^oon as this reservoir is immersed in the water, the mer- 

^2ury is seen to rise, at first very quick, and then more 

^owJy, until it at length remains stationary towards the 

bottom of the tube. This place, which ought to be some 

$.nches above the insertion of the glass tube into the copper 

^3ne, must be marked 0, which signifies the zero of dry- 

^s.iess, or the greatest humidity. This point, as we have 

SKid, must be some inches higher than the copper tube : 

^Qt it has been remarked, that if the instrument be im- 

«Tttersed in hot water, the mercury falls still lower, and this 
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ÎDter val bdow sero is left for die purpose of marking these 



We most here ai^owledge, that we do not properly 
onderstaod how M. de Log proceeds in order to render 
his instroment comparathre; something, in our opinion, 
still remains to be done to give it that property. We 
mnst therefore refer the reader to the original memoir, in 
the JcÊomal it Phfsique of the abbe Rozier, for the year 
1T75. It will be soflEicient to observe, that this hygrometer 
is rery sensible ; scarcdy has it been placed in air more 
or less hnndd, than it gives indications of that sensbility, 
by the rise or lall of the mercury; but it requires, and 
always will require, to be accompanied with a ther- 
mometer ; for the same degree of humidity has a greater 
effect on it during warm weather, than during cold: be- 
sides, the mercury rises or fà\\& independently of moisture, 
merely by the efect of heat. This instrument, therefore^ 
requires a double correction ; the first to keep an account 
of the dilatation which the mercury experiences by heat, 
a correction which will be minus whenever the heat exceeds 
the term of freezing ; the second, to reduce the effect of 
the moisture observed, to what it would have been had the 
temperature been at freezing. 

It may be readily conceived, of bow great advantage it 
would be, in regard to the improvement of this hygrometer, 
to find a degree of dryness, or of less humidity, fixed and 
determinable in every country, to serve as a second fixed 
term, like that of water reduced to the temperature of 
melting ice, namely that of the greatest humidity: this 
would tend greatly to simplify the graduation of the in- 
strument, which, according to the method of M. de Luc, 
appears to us to be complex, and uncertain. But this is 
enough on the present subject, respecting which the nature 
of our work will not permit us to enter into farther details. 
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PROBLEM LIX. 

On the supposition of what we have before showriy in regard 
to the tenuity of the particles of lights and their great 
ikilocitf/; what loss of its substance may the sun sustain^ in 
a determinate number of y ears f 

One of the most specious objections made to the New-» 
tonian theory of light, is, that if light consisted of a con* 
tinoal emanation of particles, thrown oiF from luminous 
bodies, the sun would have sustained such a loss of his 
substance, that he must have been extinguished or annihi- 
lated, since the time at which he is Qommonly supposed to 
hare been created^ This objection we have always con* 
sidered as of little weight; and we have long been con* 
vinced that, assuming as basis what can be easily proved 
in regard to the tenuity of the particles of light, and their 
great velocity, a very probable hypothesis could be form- 
ed, from which it might be shown, that no sensible diminu- 
tion could jbave taken place in the sun, during the course 
of the 6000 years, which he is commonly supposed to 
liave existed. 

We have since seen, in the Philosophical Transactions, 
a similar calculation by Dr. Horsley, to show the frivolity 
of such an objection. But as there are different methods 
of considering the same question, our reasoning on the 
subject is as follows: it has nothing in common with that 
^»£tbe learned Englishman, but the prodigious tenuity of 
particles of light. 
To form this calculation^ we suppose and require it may 
granted, that at each instantaneous emanation of light 
from the sun, this luminary projects in every possible 
direction all the particles of light at its surface. 

We require it may be granted also,> that this emanation 
Is not absolutely continued, but composed of a multitude 
^^ instantaneous emanations or jets, ^hich succeed each 

▼OL, IV. N 
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other with prodigious rapidity ; we shall suppose that there 
are 10,0Q0 in a second. As the retina of the eye preserves 
for about •{- of a second the impression it receives, it is 
evident that the impression made by the sun will be ab^ 
lutely continued in regard to us« 

We shall suppose also, what is almost proved, that 
the diameter of a particle of light is scarcely the 
lOOOOOOOOOOOOth part of an inch. 

According to these suppositions, it is evident that the 
9un, at each emanation, deprives himself of a luminous 
pellicle, the thickness of which is as before stated ; 
consequently, in the course of a second, it will be the 
100000000th part of an inch, and in lOOOOOOOO seconds 
this luminary therefore will have lost an inch in thickness. 
But lOOOOOOOO seconds are nearly three years: in three 
years, then, the sun will have lost only an inch in thick- 
ness. 

Hence it appears, that in the course of SOOO years, thir , 
loss will amount to 1000 inches, or 83 j- feet in depth; andP 
during the 6000 years, which we suppose the sun to have 
existed, it will be 166*. Hence it follows, that before the 
sun can lose one second only of his apparent diameter, 
forty millions of years must elapse ; for tlie diminution of 
a second in the apparent diameter of the sun corresponds 
to 360000 yards: if in the course of 6000 years, the dimi- 
nution is only about 54 yards in depth, it will be found, 
by the rule of proportion, that it will require 40 millions^ 
of years to make it extend to the depth of S60000 yards 
in thickness, or one second of apparent diameter. 

We need therefore entertain no fear of the sun becoroiinr 
extinct. Our children and grand-children, at least, are 
secured from being witnesses of that fatal event. 

We shall here add, that we have not taken the benefit 
of all the advantages we might have employed ; for we 
might have extended this period much farther; and Dr. 
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Hotsley indeed finds a much greater interval between the 
present moment and the final consumption of the sun* 
But we have confined ourselves to those suppositions 
which are most admissible. 

PBOBLEM LX. 

To produ-ccj amidst the greatest heat, à considerable degree 
of coldy and even to freeze water. On artificial congela^ 
iinu^ i(c. 

It is a very singular phenomenon^ and highly worthy of 
èdinirâtion, tliat a cold far exceeding that of winter can be 
produced even in the middle of summer ; and what adds 
,to thé singularity is, that this production of cold does not 
take place unless the ingredients employed become liquid. 
Son^etimes even by re-acting on each other they produce 
« strong effervescence. We shall first take a cursory view 
of the different means of producing cold ; and then en* 
itàiifùùt to give some explanation of the phenomenon. 

I. Take water cooled only to the temperature of oui? 
^ells, that is to say, to 10 degrees of Reaumur's ther- 
mometer, and for every pint throw into it about 12 ounces 
rf jpulvérised sal ammoniac; this water will immediately 
acqmre a considerable degree of cold, and even equal to 
^ of congelation. If a smaller vessel then containing 
witëi'' be put into the one containing this mixture, the 
^tër in the former will freeze, either entirely or in part. 
If it freezes only in part, make a mixture in another 
vessel, similar to the first, and immerse in it the half-frozen 
^"^afte*: by these means it will be entirely congealed. 

If you employ this water half frozen, or at least greatly 
<î<>oled in the interior vessel, and throw into it sal ammoniac, 
tbe cokl produced wiUbe much more considerable : a cold 
indeed sevetal. degrees below that of ice will speedily be 
^ result. 
If thi»^ mixture be^madç in^ûuit vessel on a table^ with 
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a little water placed between them, tiie îcc rormed below 
will make the vessel adhere to tl)e tabic. 

The solution of the salt must be acct^lerated as much as 
possible, by stirring the mixture with a sticky for the 
speedier the solution, the greater will be the cold. 

II, Pulverise ice, and for one part of it mix t"o parts of 
marine salt ; stir well the mixture, and a cold equal to that 
of the severest wintur will be produced in the middle of 
the mass. By these means Reaumur was able to produce 
a. cold 13 degrees below congelation. 

^Itpetre, employed in the same quantity, will produce 
a cold only 3 or 4 degrees below freezing. It is a mistake 
therefore, as Reaumur observes, to imagine chat saltpetre 
produces a greater effect than marine salt. Saltpetre is 
employed only because it is cheaper ; and besides, when 
artificial cold is applied to domestic purposes, it i:i uot 
necessary tliat it should be considerable. 

Instead of saltpetre, Alicant soda, or the ashes of green 
\vood, which contain an equivalent salt, might be employ- 
ed : the same effect would be obtained, and at a much less 
ex pence. 

III. A cold much greater, however, than any of tbe 
preceding, may be produced in the following manner. 
Take snow and well concentrated spirit of nitre, both 
tooled to the degree of ice; pour the spirit of nitre on 
the snow, and a cold 17 degrees below that of congelât ioB 
will be immediately excited. 

If you are desirous of producing a cold still more con- 
siderable, surround the snow and spirit of nitre with ice 
and marine salt j which will produce a cold 12 or 13 de- 
grees below zero ; if you llien employ the snow and spirit 
of nitre cooled in this manner, a cold equal to 24 degrees— 
below zero will be the result. This cold is much greater 
than that produced by Fahrenheit ; for it did not exceef:. 
& degrees of his thermometer below zero, which amount ^ 
to 11^ degrees of Reaumur, below the same term. 
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But this is nothing in comparison of what the philoso- 
phers of Petersburg performed, towards the end of the 
year 1759. Assisted by a cold of 30 degrees and more^ 
they cooled snow and spirit of nitre below that tempera- 
ture, and by these means obtained a degree of cold which, 
reduced to the scale of Reaumur's thermometer, was more 
than 170* degrees below zero. It is well known that at 
this term mercury freezes, and of the consequences of thi^ 
experiment we have spoken elsewhere. 
' IV. There is still another method of producing a cold 
superior to that even which is necessary to freeze water. 
It IS founded on a very singular property of evaporable 
fluids. Immerse the bulb of a thermometer in one of these 
fluids, such as well dephlegmated spirit of wine^ and then 
swing it backwards and forwards in the air^ to excite a 
current like that of the wind, which promotes the evapora- 
tion of the fluid ; you will soon see the thermometer fall : 
by employing ether, the most evaporable of all liquors, 
you may even make the thermometer fall to 8 or 10 degrees 
below zero. 

• Very curious things might be said in regard to this pro- 
perty of evaporation ; but to enlarge farther on the sub^ 
ject would lead us too fan We shall therefore only ob- 
serve, that this method of cooling liquors is not unkno^vn 
in the east. Travellers, who are desirous of drinking cool 
liquor, put their water into jars made of porous earthen 
ware, which suffers the moisture to ooze through it. 
These vessels are suspended on the sides of a camel, in 
such a manner as to be in continual motion, which answers 
the same purpose as if they were exposed to a gentle wind, 
and which causes the moisture to evaporate. By these 

* Thiff Dumber, when corrected, ought to be only Sl| below water«freez- 
>ng on Keaumur; or 39, that it 71 below water-freezing, on Fabjenbeit. 
See tbe'remark at the end oS Problem IB. 



means the remaining liquor is so much cooled, as to ap- 
proach the degree of congelation. 

We shall now offer a few observations on the cause of 
these singular effects, beginning with the means explained 
in the first three articles. 

Wlien ice and marine salt, or spirit of nitre and snow 
very much cooled, are mixed together, it is observed that 
cold is not produced unless these substances be dissolved. 
From this circumstance there is reason lo conjecture, that 
the mixture absorbs the igneous fluid diffused throughout 
the surrounding bodies, or those surrounded by the mix- 
ture, which amounts to the same thing. The melting 
mixture produces, in this case, the same effect as a dry 
sponge applied to a moist body: as long as it is merely 
confined around it, no change will take place in it; but 
as soon as the sponge is at liberty to extend itself to its 
full volume, it will absorb a considerable part of the 
moisture contained in that body. It must be confessed, 
that we do not see the mechanism by which the frigorifie 
mixture produces the same effect; but we may consider 
the above comparison as capable of giving some idea of it. 

In regard to the reason why an evaporable liquor cools 
the bodies from which it «vaporates, it appears that the 
moït probable reason is the affuilty which that liquor has 
to fire; so that each of its moicculœ, in flying off, carries 
with it some of those of the fire contained in that body. 
But how comes it that these molecula: of the evaporable 
liquor do not combine rather with the Bre which the air 
can furnish to it, and with which that element seems to 
have less adhesion than to solid bodies, since it cools mure 
readily? This question we cannot answer; but we give 
the above explanation merely as a conjecture, which we 
bave not had leisure fully to examine. 

Behakk.— Id addition to what has been givea oa this 
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subject by Montucia, we shall here observe, that the best 
experiments yet aiade known on frigorifie mixtures, ii(ith» 
out the aid of snow, are those of Mr, Walker, of Oxford : 
9ome of tb^ are as follows : 

Take strong fuming nitrous acid, diluted with water 
(rain or distilled water is best), in the proportion of 2 parts 
in weight of the former to one of the latter, well mixed 
and cooled to the temperature of the air, 3 parts; of 
Glauber^s salts 4 parts; of nitrous ammonia 3) parts^» 
each by weight, and reduced separately to fine powder* 
The Glauber's salt is to be first added to the diluted acid ; 
the mixture must then be well-stirred, and the powdered 
mtroos ammonia is immediately to be introduced, stirring 
the mixture again« The salts should be procured as dry 
and transparent as possible, and are to be :used newly 
powdered. 

These are the beat proportions, when the common 
temperature is 50\ According as the temperature, at 
setting out^ is higher or lower, the quantity of diluted 
acid must be proportionably diminished or increased. 
This mixture is tittle inferior to one made by dissolving 
^Qow in nitrous acid ; for it sunk the thermometer from 
37? to 520^ ; that is in all 52*". In this experiment 4 parts 
diluted acijd were used. 

Crystallized nitrous ammonia, reduced to rery finei 

f>owder, sunk the thermometer, during its solution in rain 

^ater, from 56* to 8**; when evaporated gently to dry- 

nesfli and finely powdered, it sunk the thermometer to 49*. 

Afr. Walker bas frequently produced ice by a solution in 

^vater of this salt alone, when the thermometer stood at 

70^« If an equal weight of mineral alkali, finely powdered, 

bemadded to the mixture^ the temperature will be lowered 

lO or 11* more. 

* A»pot»der composed of sa? ammoniac 5 parts, and oitxe 4 parts, x&ixed 
^%ref|ier, may be /uiiatstituted fi>» tha nitrous ammonia. 



As k » evident Ûmt arttfdal fir^onfic mixtures may be 
applied to donestie purpoKS, in hot climates, especially 
wbeve tbe inhabitants can scarcrij dhtingnish sommer 
firom winter» by die sense of feefii^, it may not be' amiss 
to give a few hints r e sp e cti ng the easiest method of using 



In most cases, die Icdlowing cheap one may be sufficient; 
Take any quantity of strong vitriofic acid, diluted with an 
equal weight of water, and cooled to die temperature of 
the air, and add to it aft eqpral weight of Ghidier's salt, in 
powder. This is die pr o po rt ion when the température, 
set out with, is 50*; and will »nk the thermometer to 5^i 
if die temperature be higher dian 50^, die quantity of salt 
must be proporticmally increased. 

The obrioos and best mediod of asoertafaiing tbe 
quantity <^ any salt, necessary to produce the greatest 
effect by solution, in any liquid, at any gim temperature, 
is to add the salt gradually, till the thermometer ceases to 
sink, stirring the mixture all the time. If a more intense 
cold be required, double aqua-fbrtis, as it is called, may 
be used. Glauber's salt, in powder, added, will produce 
very nearly as much cold as when added to diluted nitrous 
acid. A somewhat greater quantity of the salt is required. 
At tbe temperature of 50^, about 3 parts of tbe salt, to 2 
of the acid, will sink tbe thermometer from that tempera- 
ture to nearly 0° ; and the consequence of more salt being 
added is, that it retains the cold rather longer. This 
mixture has one great advantage in its favour: it saves 
lime and trouble. A little water in a phial immersed in a 
tea-cup full of this mixture will be soon frozen, even in 
summer ; and if the salt be added in crystals, not pounded, 
to double aqua-fortis, though in a warm temperature, tbe 
cold produced will be sufficient to freeze water or cream ^ 
l;ut if diluted with one fifth of its weight of water, and 
I'ooled, it will be nearly equal to the diluted nitrous acidi 
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before mentioned, and will require the same proportion of 
tbe salt. 

A mixture of Glauber's salt and diluted nitrous acid, 
sunk the thermometer from 70*, the temperature of the air 
and ingredients to 10^ 

The cold in any of these mixtures may be kept up a 
long time, by occasionally adding the ingredients in the 
proportions indicated. 

Take equal parts of sal ammoniac and nitre, in powder; 
and cool them, by immersing the vessel which contains 
them in pump water newly drawn, its temperature being 
generally 50°. On three ounces of this powder pour four 
ounces, wine measure, of pump water, at the above tem- 
perature, and stir the mixture; its temperature will be 
reduced to 14°, and consequently it will soon freeze the 
contents of any small vessel immersed in it. The cold 
may be continually kept up and regulated, for any period 
of time, by occasionally pouring off the clear saturated 
liquor, and adding more water; taking care to supply it 
constantly with as much of tbe powder as it can dissolve. 
This is a convenient mixture ; for if the solution be after- 
wardis evaporated to dryness in an earthen veèsel, and re- 
duced to powder, it will answer the purpo'se as well as at 
first ; as its power does not seem to be lessened by being 
repeatedly treated in this manner. 

All the ingredients employed by Mr. Walker being 
taken at the temperature of 50*, the following table will 
exhibit the result of a great many experiments : 

Temperature. 

* Sal ammoniac 5, nitre 5, water 16 parts . 10^ 

• Do. - — '• 5, do. 5, Glauber's salt 8, water 16 4 

* Nitrous ammoniac 1, water 1 ... 4 
Do. 1, soda 1, water 1 . . 7 

t Glauber's salt 3, dilute nit. acid 2 . . . S 
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* TemperatiirQi 

Do. Glauber's salt 6^ sal ammon. 4, nitre 2, dilute nit. 
acid é . . . . . . • 10 

Do. . r- 6, nitrous ammonia 5, dilute nii. 

acid 4 • • . • . • • 1^ ; 

PJbospborated soda 9^ dilute nit. acid 4 • • ^^ 
Do, -■ 9, nitrous ammon. 6, dilute nit. 

acid 4 • 21 

t. Glauber^s salt 8, marine acid 5 • . • O 

t Do. ' . I 5, dilute vitriolic acid 4 . . 3 

The salts marked thus (*) may be recovered by evaporat* 
ing the mixture, and may be used again repeatedly; those 
marked thus (f} may be recovered for use by distillaticm 
and crystallizatioa: the dilute nitric acid was red fuming 
nitrous acid 2 parts, rain water 1 part : the dilute vit. acid 
was strong vitriolic acid and rain water, equal parts* 

By a judicious management frigorifie mixtures, with the 
aid of snow or pounded ice, mercury even may be frossea 
into a solid mass. Mr. Walker immersed a half pint glas» 
tumbler containing equal parts of vitriolic acid, the specific 
gravity of which was 1*5596, and strong fuming nitrous 
acid, in mixtures of nitrous acid.and snow, until the mixed 
acids in the tumbler were reduced to — 30°; he then 
gradually added snow, which had been also previously 
cooled in a frigorifie n^ixture to — 15°, to the mixture in 
the tumbler, stirring the whole, and found, after some 
minutes, that the mercury in a thermometer immersed in 
the fluid had become congealed or frozen. 

Quicksilver may be congealed by adding newly fallen 
snow to strong fuming nitrous acid, previously cooled to 
between — 25° and — 30^, which may be easily and speedily 
effected by immersing the vessel containing the acid in a- 
mixture of snow and nitrous acid. 

But the most powerful frigorifie mixture yet discovered. 
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bpn^lucfd by equal parts of murialie of lime and snow. An 
iK^çount of a very remarkable experiment of this kind is 
given in TiUoch's Philosophical Magazine^ Vol. III. It 
was perfora^ by Messrs. Pepys and Allen. Into a mixture 
of equal parts of muriate of lime at 33°, and snow at 32^, 
a bladder containing no less than 66 pounds of mercury 
was immersed, after the mixture had liquified by stirring, 
«nd when its temperature was found to be — 42^; as soon 
as the cold mixture had deprived the mercury of so much 
of its beat that its own temperature was raised from -—42* 
to + 5% the mercury was taken from it, and put into an* 
other fresh mixture, the same in every respect as the first. 
In the mean time, the muriate of lime was kept cooling, 
by immersing the vessel which contained it into a mixture 
of the same ingredients:- 5 pounds of the muriate were, by 
these means, reduced to — 15°; a mixture being made of 
this muriate and snow, at the temperature of 32"*, in the 
course of three minutes, it gave a temperature of — 62° or 
$4* below the freezing point of waten 

The mercury reduced to — 30° by immersion in the 
second mixture, and suspended in a net, was put into the 
xiew made mixture, imd the whole was covered with a 
cloth to impede the passage- of heat from the surrounding 
atmosphere. After an hour and 40 minutes, the 5S pounds 
^ mercury were found solid and fixed. The temperature 
of the mixture, at this time, was-— 46^; that is 16* higher 
^an when the mercury was put into it. 

Several of those who were present at this experiment 
^ving, without attending to the consequences, taken 
pieces of the frozen mercury into their hands, experienced 
St painful sensation, which they could compare to nothing 
t>ut that produced by a bum or a scaU^ or by a wound 
inflicted with a rough edged instrument. The parts of 
tbe hand which were in contact with the metal lost all 
^osation, and became white, and to appearance dead ; a 
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phenomenon which alarmed the sufferers not a little: 
however, soon throwing away the pieces from them, as 
they would have done hot coals, the injury scarcely pene- 
trated the skin ; and in a little time the parts, by friction, 
resumed theiir usual sensation and colour* 

Lately, on the principle ofevaporation, before explained 
in this problem, Mr. Leslie and Dr. Marcet have frozen 
water, and even mercury, by inclosing them in the receiver 
of an air pump, and exhausting it, to produce a rapid 
evaporation from the surface of the containing vessel, 
moistened with water^ or with ether. 

PROBLEM LXI. 

To cause xçater to freeze, bj/ only shaking the vessel which 

contains it. 

During very cold weather, put water into a close vessel, 
and deposit it in a place where it will experience no com- 
motion : in this manner it will often acquire a degree of 
cold, superior to that of ice, but without freezing. If the 
vessel however be agitated ever so little, or if you give it 
a slight blow, the water will immediately freeze with 
singular rapidity. This will be the case, in particular, 
when the water is in vacuo. 

This phenomenon is exceedingly curious ; but in our 
opinion, it is susceptible of an explanation which must 
appear highly probable to those acquainted with the phe- 
nomena of congelation. Water does not congeal unless 
its moleculœ assume a new arrangement among them- 
selves. When water cools, at perfect rest, its molecuis 
approach each otheir, and the fluid which keeps it in fusion 
gradually escapes; but something more is necessary to 
determine the moleculœ to arrange themselves in a differ- 
ent manner, under angles of 60 or 120 degrees. This 
determination they receive by the shock given to the 
vessel : they were in equilibrio ; the shock destroys that 
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tquUibrium, and they fall one upon another, forming 
themselves into groupes, in such a manner as their ap- 
proach to each other requires. 

Another phenomenon of congelation is as follows. If 
you boil water, and then expose it to the frost, close to an 
equal quantity of unboiled water, the former will freeze 
sooner than the latter. 

This is a fact proved by experiments, made at Edin- 
burgh, by Dr. Black ; and, in our. opinion, may be easily 
explained ; as congelation is occasioned by the moleculœ 
of the water approaching each other : it must congeal the 
sooner, if these moleculœ, before being exposed to the 
frost, are already closer. But water which has boiled pos- 
sesses, in this respect, an advantage over that which has 
not. boiled; for the effect of boiling is to deprive it of a 
great deal of its combined air: these moleculsD then, 
ceteris paribiiSf must arrive sooner at the term of proximity, 
at which they adhere to each other, and form a solid body. 
We are convinced, that for the same reason, water im- 
pregnated by artificial means with air, would be longer in 
freeing than common water. 

PROBLEM LXII. 

Of the figure observed sometimes in snow: Explanation of 

that phenomenon. 

It often happens, and it has long been remarked with 
admiration, that the small flakes of snow have a regular 
figure. Such is the case, in particular, when the snow 
falls gently, and in very small flakes. This figure is hex- 
«^onal or stellated : sometimes it is a plain star with six 
^adii ; at other times the star is more complex, and re* 
semblés a cross of Malta, having six salient and six re- 
-entering angles. It sometimes happens that each branch 
presents ramifications, like the barbs of a feather; but it 
would be too tedious to describe them all. We shall 
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tbtiefoi^ confine oursdfes to a representation of tbe moit 
renailEable, as seen pU 5 %• 30 n^* I, 2, 3, 4. 

This phenomenon has always occasioned great ea»' 
barrassment to philosophers, since the time of I>e9cartes 
and Kef^r, who seem to have been the first who remark* 
ed it. Banbofin wrote a dissertation De Figurm nim 
hexangula, in which he reasons very badly on the sobyect.* 
It was indeed difficult to reason justly on it*, until M. de 
BiÛFui observed, as he did with great sagaci^, the ph*^' 
n&metm of congciation, and until chemistry had discovemi 
tbose of ÛÊè crystallization of bodies, when they pass firôdi 
a fluid to a solid state. 

C3iemistry indeed has taught us Ûat all bodies, tbe de- 
ments of which, floating in a fluid, calmly approach eadi 
other, assume regular and characteristic figures. Tiitts 
sulphur, when it becomes fixed, forms long needles: te*' 
gulus of antimony has on its surface the figure of a star. 
Saks, when they crystallize slowly, assume regubr figwrea 
also. Murine salt forms cubes, alum octaedra, gypsadi k 
hind of wedges, regularly irregular, the laminse of which 
break into triangles of determinate angles; calcareous 
spar, called Icelandic Crystal, forms oblique paratle!- 
opipeda under invariable angles ; &c. 

On the other band, M. de Mairan,^ while observing the 
progress of congelation, saw that the small needles of ice, 
which are formed, are implanted one into the other, at 
regular and determinate angles^ which are always 60 or 
1 20 decrees. 

Whoever is acquainted with these phenomena, will sec 
nothing in ice and snow but a crj'stallii^ation of water, 
condensed in cold air : one particle of frozen water meets 
another, and unites with it, at an anjjle of 60 degrees ; a- 

• We find how^evcr that Gassendi referred the repi'.ir crir^ o'* saow l^m 
cîjTitailJzmtioD. See ad Di^j. Laert. N^t. cpp. foI. r. p 5?7. 
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third is added, and is determined bjr tbe action of thé 
point of the first angle, to unite itself in the same mantter, 
&c. This is the simplest of the stars of snow^ and is ire^ 
presented by n^. 1. 

If new needles of ice are added, which will for the ttOst 
pan be the case, they must place themselves on the first 
radii, either by making an obtuse or an acute angle to* 
wards the centre. In the first case, the result will be â 
star, the radii of which have a kind of barbs like a feather^ 
as in n\ 2, or like a star, as n% 3. The last arrangement 
however is rare, and that of n"". 2 is more common. Some 
are also seen, though in less number, much more complex ; 
'but whatever may be their compoMtion, their elementsi 
are always angles of 60 or 120 degrees. 

M. Lulolf of Berlin conjectured, that these figures were 
occasioned by the sal ammoniac, or rather volatile alkali; 
with which snow is impregnated : and^ in support of this 
idea, he mentions a very pretty experiment. Having 
exposed some water to freeze near the common sewer^ 
be found the surface of it entirely covered with small stars 
of ice, while the frozen water, which was at a greater 
distance, exhibited nothing of the kind. He acknowledge* 
however,- that he was never able, by any process, to detect 
this principle in snow water, or snow melted in close vessels^' 
No philosopher at present will indeed believe, that either 
Mil ammoniac or volatile alkali exists in snow, unless acci- 
totally ; and there is no necessity of supposing it, iiK 
order to explain its crystalUzation in stars. ^ 

PROBLEM LXIII. ^ 

To tcnsffuct a foufitairij which shall dtematety flew and 

intermit. 

.♦ . . ' • 

• We have already described the mechanism of a fountaia> 
which produces this effect, and which is well known to 
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those acquainted witli hydraulics ; but as it cannot be 
adapted to the purposes we have here in view, we shall 
give another method of solving the problem. 

Let ABCD, pi. 5, fig. 31, be a vessel of any form, which 
receives by the pipe e a continual influx of water, capable 
of filling it to the height g h, in the interval, for example, 
of two hours. Let fgi be a syphon, the upper orifice of 
which, immersed in the liquor, is f ; let fg be the shorter, 
and 61 the longer branch, the orifice of which i, must be 
considerably below the level of f; lastly, let the bore of 
this syphon be such, that it can draw off the liquor con- 
tained ill the part ci, in the course of half an hour. These 
suppositious bein^ made; if the vessel be empty, and if 
the water be suffered to run in by the pipe E, it will fill 
the vessel to the height g, in two hours, for example ; but 
when it reaches the bending g, the syphon fgi will be 
filled, and the water flowing into it, in the course of some- 
what more than half an hour", it will empty, not only 
the water collected as far as gh, but that also which the 
pipe E may have furnished during that time ; because this 
discharging pipe fgh will exhaust much more rapidly, 
than that "which furnishes, viz, ok. The surface of the 
water, always descending, will at length fall to the level 
of the orifice f, and the air introducing itself, the play of 
the syphon will be interrupted: the water will then begin 
to rise again to the bending of the syphon at g, so that the 
play of the syphon will recommence, and this will be ibc 
case as long as the pipe e can furnish water. 

Remakk. — It is necessary to observe, that the syphon 
will not perform its effect, unless it be a capillary tube as 
far as the bending ; for if its diameter, at this place, be 5 



• Tbis time will be exactly 40 miButei; for it is the sum of ■ lub- 
qnsdruple progrestion, tb« first terra of «bicb is 30 miaate*, the teeaui 
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fît tf lines, tbe water, when it reaches to a little above the 
bending, will flow off without filling the whole pipe, as 
seen fig. 31, n^« 2, and the pipe would run off a quantity 
of water equal only to that furnished by the pipe e- This 
observation was made, and with great justice, by the Abbe 
Para da Phanjas, who had recourse therefore, in this case, 
to several capillary tubes, uniting in one. 

Another remedy consists in making the calibre of the 
discharging pipe capillary, throughout its whole length, 
and proportionally wide in a horizontal direction, in order 
that it may have the same surface, and that the same 
qoantity of water may flow through it. By these means 
tbe discharging pipe, though single, will perform its 
office. 

It is proper also that the orifice f, of the branch gf, 
diodd be cut as seen n^. 3, in order to facilitate tbe intro- 
auction of air into the syphon, when the surface of the 
water shall have fallen to f. This however we do not 
think essential. 

PROBLEM LXIV. 

To construct a fountain which shall Jlow arid stop a certain 
number of times sticcessiveli/ ; and which shall then stop, 
far a longer or shorter period, and afterwards resume its 
iniermùting course ; and so on» 

The solution of this problem depends on a very ingéni- 
ons combination of two intermittent fountains, similar to 
tbe preceding. Let us suppose a similar fountain, the 
periodical flowing of which is exceedingly quick, that is 
tosay 2 or 3 minutes, and its intermission the same, making 
altogether an interval of 4 or 5 minutes : let this fountain 
be fed by another intermittent fountain, placed above it, 
the duration of the flowing of which is an hour, and the 
ïDtermittence 2, or 3 or 4 : it will thence follow, that the 
lower one will furnish water only while the upper one sup- 

'VOL, IV. o 
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plies it; that is to say, doriog an honr ; andmdie ooonc 
of this hoar the lower fountain will have 18 or 15 periods 
of flowing, intermpted by as many periods of cessa^oQ j; 
after which time, as the fomitain or pipe b of fig. SltyiUi 
not' furnish more water for two or three hours, the lower 
fountain will absolutely cease fpr one or two or three 
hours. Here then we have a fountain which will ^e 
doubly intermittent, as it will remain a connderable 
tune without flowing, and when it flows it will be iater- 
mittent» 

Remauks.— I. With three fountains of this kind,, coidp, 
bined together^ periods of flowing and intermission, so. 
angular as to appear almost inexplicable, might be pro- 
duced. But it may be readily cbncdved, that they wocd^ 
all depend on the same principle. ^ . 

n. By means of these principles, a fountain to flowr cjoi»-. 
tinually, but which should become larger and decrease 
alternately, might be easily constructed. Nothing woold 
be necessary for this purpose, but to comlnne with thc^ 
fountain of the preceding problem, a continued fountain : 
it is evident that it would become larger, when the water 
flowed through the syphon fgi ; and that when it stopped^ 
it would assume its usual state. 

If this continued fountain were combined .with t^ 
double intermittent one of this problem , the result would 
be a fountain uniform and continued for several hours oF 
the day,, and which would afterwards become larger ancL . 
decrease alternately for an hour. 

PROBLEM LXY. 

Ccmiruetion of a fountain which shall cease to flow whew 
water is poured into it ; and shall not begin to flow agai' 
till some time after. 

For this purpose, we must suppose a very close rose 
voir, half filled with water, as abcd, pi. 6^ fig. 32, baviw 
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a discharging pipe e, some lines only in diameter. This 
reservoir forms part of another vessel hbfd, in which it is 
placed; and a portion of the Vessel iiGi? remains empty: 
IK is a pipe which proceeds from the top of the interior 
reservoir, nearly to the bottom of the vessel fd ; the tipper 
part of the vessel is furnished with a rim, so as to resemble 
a cup, and the part hg, is pierced with a number of small 
holes; some moss, with coarse sand, or even grass, must 
be put into this cup, but in such a manner, that the air 
may have access through the bottom hg, into the cavity 

HC. 

These things being supposed ; let the small reservoir be 
half filled with water, which will flow out through the 
discharging pipe £ ; if water be then poured into the cup 
at the top, it will fall into the lateral reservoir hc, and 
close the aperture k of the pipe ki. This aperture being 
closed, the air contained in that part above the interior 
reservoir can no longer expand itself: the water flowing 
through £ will fall at first slowly, and at length stop« But 
if a small pipe be inserted in the corner f, to afford a pass- 
age to the water which has fallen into the reservoir hc, 
when this water is discharged, that at e will again begin 

to floWé 

If water be poured incessantly into the cup hg, and if 
its escape at f be concealed, this machine will excite great 
astonishment, as it will seem to flow only when no more 
water is poured into it. 

This machine might be constructed in the figure of a 
rock, with a fountain issuing from the bottom of it; and 
the upper part might represent a meadow, or forest, &c. 
On pouring water over it from a watering pot, to repre- 
sent rain, the small fountain would be seen to stop, and 
to continue in that state as long as water was poured over 
it. The use to which this idea might be applied will be 
ieeo hereafter. 

osr 
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PROBLEM LXVI. 

To construct a fountain which^ after flowing some time, shall 
then sink down to a certain point ; then rise again ; and 
so on alternately. 

Though we have not found any thing satisfactory on 
this subject, it is nevertheless possible ; for we shall men- 
tion hereafter some instances of fountains, the basons of 
which exhibit this phenomenon* We shall therefore con- . 
tent ourselves for the present with having proposed the 
problem to our readers. 

REMARKS* 

Containing the history and phenomena of the principal m^ 
termittent fountains knotm, as well as of some lakes and 
wells which have similar properties. History of the 
famous lake of Tsehimitx. 

In the preceding problems we have explained the prin- 
ci pies of the phenomena exhibited by a great number' 
of fountains, or collections of water, the properties of 
which have at all times furnished matter of reflection to 
philosophers, and been a subject of admiration to the vul- 
gar. But much is to be deducted from what the vulgar 
relate, or imagine they see, in regard to this subject 
Many of these springs, when examined by philosophers, 
or accurate observers, lose the greater part of what they 
had of the marvellous. In several of them, however, there 
still remains enough to exercise the sagacity of the searchers 
into nature. The object of this work obliges us, in some 
measure, to make known the most remarkable of these 
fountains. But we shall confine ourselves to thc^e, the 
facts respecting which are confirmed by good descriptions ; 
for it is of no utility to repeat what is uncertain or incor* 
rect, 

I. The greater part of those springs which originate from 



RECIPBOCATIKO FOUNTAINS. 197 

accumulations of ice, are observed to be intermittent. 
Such are some of those seen in Dauphiné, on the road 
from Grenoble to Briançon* They flow, as we have been 
assured, more abundantly in the night than in the day 
time, which on the first view seems difficult to be recon* 
ciled with sound philosophy ; but we shall show that this 
may be explained without much difficulty. 

The author of the Description of the Glacières of Swit-* 
zerland speaks of a similar spring, at Engstler, in the 
canton of Berne : it is subject to a double intermittence, 
that is to say, an annual and a daily : it does not begin to 
flow till towards the month of May ; and the simple pea* 
lants, in the neighbourhood, firmly believe that the Deity 
sends them this spring every year for the use of their cattle, 
which about that period they drive to the mountains. Be- 
sides, like those of which we have already spoken, it is 
daring the night that it flows in the greatest abundance. 

The annual reappearance of this fountain, on the ap« 
preach of spring, may be easily explained : for it is only 
towards this period that the mass of the earth, being suf- 
ficiently heated, begins to melt the ice from below. It is 
at this period, therefore, that the fountain in question can 
fiow« We make use of the expression from below ; for it 
il in this manner that these enormous masses of ice are 
anelted. No doubt indeed can be entertained of it, when 
His observed that they continually give birth to large cur^ 
I'eots of water, even while their upper surface exhibits the 
^rata of the preceding year scarcely altered. But how 
<^mes it that the greater part of these fountains furnish 
^e largest quantity of water in the night time? This phe- 
^c^enon deserves to be explained. 

It arises, in our opinion, from the alternation of heat and 
^old, occasioned by the presence and absence of the sun, 
^^ the mass of the earth covered by this accumulation of 
^e. But as a certain time is necessary before the heat of 



I9S PHYSICS. 

tbe sun can produce its effect, and be communicated to 
the distant parts, it happens that tlie moment of their 
greatest heat is posterior, by seperal hours, to that of the 
greatest heat of the air, which takes place about three in 
the afternoon : it is only some hours then after sunset, that 
the greatest hquefaction of the ice, which is in contact 
with the earth, can be produced: and if we take into con- 
sideration the space which the water thence arising must 
pass through, in confined channels between the valleys and 
under the ice, it will not seem astonishing that it should 
not make its appearance till towards night. It will there- 
fore be about eleven o'clock, or midnight, that these 
streams, produced by the melting of the ice, will fuFnish 
the greatest quantity of water. 

II. The intermittence in this case depends upon causes 
which may be easily discovered : it is not even a real in- 
tei'mittence; but the fountains we are about to describe 
are really intermittent; 

A spring of this kind is seen in Fontainebleau, in one of 
the groves of the Park. It would probably be belter 
known, and would not be inferior in celebrity to that of 
Laywcll, if courts were more frequented by philosophers. 

This fountain flows from a sandy bottom, into a bason 
six or eight feet square : there is a descent to it by several 
steps, in the last of which, or close to the water, is dug a 
email channel, which suffers it to run off. The following 
are the phenomena observed in this fountain : 

The bason being supposed to be half full, as is the case 
when a large quantity of water has been drawn from it, the 
water rises to the edge of the last step, and runs ofl^ by the 
channel for some minutes. This discharge is followed by 
a. bubbling, sometimes so strong as to be heard at a con* 
Mderable distance. This is a, sign of the speedy falling of 
the water. It immediately begins, indeed, to fall a few 
IQCbea below the level of the channel ; but this height is 



/ 
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variable. It is tlien stationary for some time; but after- 
wards rises; and continues in this manner alternately. 
Each flux of this kind employs about seven or eight mi- 
nutes. Sometimes however it seems to sport with the 
curious, and remains half an hour, or even a whole hour^ 
without repeating the same play. 

The description of a fountain, nearly similar to the pre-* 
ceding, may be seen in the Philosophics^l Transactions, 
ti\ 202 and 424; and in Desaguliers* s course, vol. ii : it is 
situated at one of the extremities of the small town of 
Brixfaam, near Torbay, in Devonshire : the people in the 
neighbourhood call it Lay -^ Well. It is on the declivity of 
a small hill, and distant from the shore a full mile ; so that 
it can have no communication with the sea. The bason, 
according to the latest description, is eight feet in length, 
and four feet and a half in breadth. A current continually 
flows into the bason, and the water escapes at the other ex- 
tremity, through an aperture, three feet broad, and of a 
proportionable depth. 

Sometimes the water flows uniformly for several hours, 
without rising or falling ; and hence some credulous peo- 
ple believe, that the pi^esence of certain persons has an 
influence on this fountain, which interrupts its play. But, 
for the most part, it has a very sensible and ver}^ speedy 
fiux and reflux. For about two minutes the water rises 
some inches, after which it falls for about the same period, 
«ind then a short rest ensues ; so that the total duration is 
«bout Ave minutes. This takes place twenty times in suc- 
cession, after which the fountain seems to rest for about 
"^wo hours, and during that time the water flows in a uni- 
form manner. This, according to the author of the de- 
scription, is a peculiarity by which this fountain is distin- 
guished from all others that have come within his know- 
ledge. But we have seen that the one at Fontainebleau 
experiences something of the same kind : a ,very strong 
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analogy even is remarked between them, and it appean 
almost evident from the descriptions, tiiai their periodism 
is not in the spring, but only in the discharf;e. This is 
certain, at least in regard to that of Font^nebleau ; as the 
nature of the ground does not permit us to suppose any 
thing similar to that whicli requires a periodical tiowing io 
the spring itself. 

However, we shall here describe a third fountain, much 
more considerable than either of the preceding two, and 
which presents a very striking intermittence ; it is situated 
in Franche-Comté, and a very good description of it wa$ 
published in the Journal des S^avans, for October J 6S8. 

This fountain is, or at least was at that period, near the 
high road leading from Pontarlier to Touillon, at the ex- 
tremity of a small meadow, and at the bottom of some 
mountains which hang over it ; it flows from two different 
places, into two basons, on account of the roundness of 
which it has acquired the name of ii Fontaine ronde. The 
upper bason, which is larger than the other, is about seven 
paces in length, and six in breadth ; and in the middle of 
it there is a stone cut in a sloping form, which serves to 
render the motion of its reciprocation sensible. 

When the flnx is about to commence, a bubbling is 
heard within the fountain, and the water is immediately 
seen to issue on all sides, producing a great many air bob- 
bles : it rises a full foot. 

During the roHux, the water falls nearly the same time, 
and by the same gradations. The total duration of the 
fluK and reflux is about half a quarter of an hour, includ- 
ing about two minutes of rest. 

The fountain becomes almost dry at each reflux, and at 
the end of it is heard a sort of murmuring noise, which an- 
nounces its cessation. 

The small toffn of Colmars, in Provence, presents alsc^» 
a fountain of the same kiod. It is situated in the neigh.^ 
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b'ourfaood of the town, and is remarkable for the frequency 
of its flux. When it is ready to flow, a slight murmur is 
heard ; it afterwards increases for half a minute, and then 
throws up a jet of water as thick as the arm ; it then de- 
creases for five or six minutes, and stops a short time, 
after which it again begins to flow. In this manner the 
duration of its flowing and intermittence together is about 
seven or eight minutes ; so that it flows and stops about 
eight times in an hour. Gassendi and Astruc have given 
a more detailed account of this fountain ; the former in 
his works, and the latter in his Histoire Naturelle de Lan^ 
guedoc et de la Provence. 

The fountain of Fonzanches, in the diocese of Nismes, 

Reserves also to be mentioned. Fonzanches is situated be- 

tireen Sauve and Quissac, not far from, and on the right 

of the Vidourle, It issues from the earth, at the extremity 

of a pretty steep declivity, looking towards the east. Its 

intermittence is very striking : it flows and stops regularly 

t.i?vice in the course of the day, or of twenty-four hours; 

duration of its flux is 7 hours 25 minutes, and that of 

intermission 5 hours or nearly ; so that its flowing is re- 

tiajrded every day about 50 minutes. But it would be er- 

ironeous thence to conclude, that it has any connection 

with the motion of the moon, or with the sea, though 

lias been called la Fontaine au Jbix et reflux. It would 

absurd to suppose channels proceeding thence to the 

of Gascony, which is 130 leagues distant. Besides, as 

^be retardation of 50 minutes is not exactly that of the 

tides, or of the moon's passage over the meridian, the 

analogy of the one moveipent with the other can no more 

"^^^ maintained, than if this retardation were much greater 

^r less. 

^e shall terminate this paragraph with a description of 
^^^ famous fountain called Fontestorbe^ situated in the dio- 
^^®8c of Mirepoix. The account we shall give of it is ex- 
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tracted from Astruc's description, published in the work 
before mentioned» 

Fontestorbe is situated at the extremity of a chain of 
rockS| which advance almost to the banks of the river Len, 
between Fougas and Bellestat, in the diocese of Mirepoix. 
At a considerable height above the bed of the river is a 
cavern, 20 or 30 feet in length, 40 in breadth, and 30 in 
height. On the right side of this cavern is the fountain in 
question, in a triangular aperture of the rock, the base of 
which is about eight feet in breadth. It is through this 
aperture that the water issues, when the flux takes place» 
What characterises its intermission, in a very singular 
manner, is, that it is intermittent only during the time 
of drought; that is to say, in the months of June, Jviy, 
August, and September : it then flows for 36 or 37 minutes, 
rising 4 or 5 inches above the base of the triangular aper- 
ture, .after which it ceases to flow for 32 or 33 minutes. If 
it happens to rain, the time of intermission is shortened, 
and when it has rained three or four days in succession, 
it becomes annihilated ; so that the fountain then con- 
tinues, though with a periodical increase : but at length, 
when the rain has lasted a considerable time, the flux is 
continued and uniform, and remains in this state through- 
out the winter, until the return of dry weather, when the 
fountain again becomes periodical and intermittent; by 
the same gradations inverted. 

The reason of the greater part of the phenomena here: 
described may be deduced from the principles explaine 
in the preceding problems. For this purpose, nothing ii 
necessary but to conceive a cavity of greater or less ex 
tent, formed by the sinking down of a bank of clay, am 
which serves as a reservoir to a collection of water, fu 
nished by a spring. Let this cavity have a communicati 
outwards by akind of crooked channel, the interior apertu 
of which is near the bottom of the cavity, and the exteri 
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one much lower : this channel will evidently perform the 
part of the syphon of Prob. lxiii^ fig. 31, and will pro- 
duce the same phenomena, supposing however that the 
exterior air hiiis access to the cavity. 

If the spring then which fills the cavity herp described 
always furnishes less water than the supposed syphon can 
evacuate, the water will flow only periodically ; for before 
it can issue, it must rise to the summit or angle of the two 
branches of the syphon : it will then flow and evacuate 
the water contained in the cavity, and it will again stop 
till more water rises. 

. But, if the concealed spring, which feeds the reservoir, 
be variable, that is to say if it be much more abundant in 
winter, and during rainy weather, than in summer, or dur- 
ing dry weather, the apparent spring will be intermittent 
only during the latter ; the duration of its intermissions or 
rest will decrease, according as the concealed spring be- 
comes more abundant, and when the concealed spring 
gives as much water as the syphon can evacuate, the ap- 
parent spring will become continued : it will at length 
gradually resume its intermittence, according as the in- 
terior spring decreases in volume* 

Here then the phenomena of the spring of Fontestorbe 
are explained, by the same mechanism as that of the other 
springs purely intermittent. It appears, that in the latter 
the concealed spring derives its origin from subterraneous 
water, which receives little or no augmentation from ex- 
terior water; and that, on the contrary, the spring of 
Fontestorbe is fed by water arising from rain and melted 
snow. 

• We shall add only a few words more, respecting some 
fountains of this kind, mentioned in various authors. 'Such 
is that in the environs of Paderborn, called Bullerborn, 
which flows, it is said» for twelve hours, and rests during 
the same period : that of Haute-Combe, in Savoy, near the 
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lake of Bourget, which flows and stops twice in an hoar \ 
that of Buxton, in the county of Derby, mentioned by 
Childrey in his Curiosités d'Angleterre^ which flows only 
every quarter of an hour : one near the late Como, cele- 
brated in the time of Pliny the younger, which rises and 
falls periodically, three times a day : &c. 

Ill» We shall now describe phenomena of another kind, 
namely, those exhibited by certain wells or springs, which 
rise and fall at certain periods, while no place is known by 
which the water is discharged. There is a well near Brest 
subject to this periodical, falling and rising, the explana- 
tion of which has afforded considerable occupation to phi- 
losophers. The description we shall give of it is extracted 
from the Journal de Trévoux, October 1728 : it was writ- 
ten by Father Aubert, a Jesuit, who appears to have been 
a very correct and well informed philosopher. 

This well is situated at the distance of two leagues from 
Brest, on the border of an arm of the sea, which advances 
as far as Landernau. It is 75 feet from the edge of the 
sea at high water, and nearly double that distance at low 
water. It is 20 feet in depth, and its bottom is lower than 
the surface of the sea at high water, but higher than the 
same surface at low water. 

It would not be astonishing, or rather would be altoge- 
ther in the natural order of things, if the well should sink 
down at low water, and rise at high water ; but the case is 
quite contrary, as will be seen by the following detailed 
account of the phenomena observed. 

The water of the well is lowest, that is to say is only 1 1 
or 12 inches above its bottom, when the sea is at its high- 
est. It remains in that state about an hour, reckoning fronr 
the time of high water ; it then increases for about twc: 
hours and a half, during the time the sea is ebbing ; afte":= 
which it remains stationary for about two hours. It tbe« 
begins to decrease for about half an hour before the tim •« 
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of low water, and this continues for the first four hours of 
the sea's flowing. In the last place, it remains in the same 
state of falling for about three hours, that is during the 
last two hours of the sea's rising, and the first hour of its 
ebbing ; after which it again begins to rise, as before men- 
tioned. It was observed during the great drought, in the 
year 1724, that this well was for some hours dry, while the 
sea flowed, and that it became full as the sea ebbed. We 
do not know whether this well be still in existence. What 
adds to the singularity of tbe phenomenon is, that the 
neighbouring wells, which might be supposed to experi- 
ence the same vicissitudes, are subject to nothing of the 
kind. 

. According to Desaguliers, a small lake at Greenhithe, 
between London and Gravesend, exhibits the same pbe- 
nomena : and this author adds, that he heard at Lambourn, 
in Berkshire, of a spring which is full in dry weather, and 
dry during rainy weather. It is much to be wished that 
he had ascertained the truth of these circumstances. 

IV. But every thing hitherto said, though very remark- 
able, is nothing when compared with the singularity of the 
famous lake of Tschirnitz. This lake, which is of con* 
siderable extent, is situated near a small town of the same 
name, in Carniola. It is about three French leagues in 
length, and one and a half in breadth, having a very ir- 
regular form. 

The singularity of this lake consists in its being full of 
water during the greater part of the year ; but towards the 
end of June, or the first of July, the water runs off by 
eighteen holes or subterranean conduits, so that what was 
the abode of fish and abundance of aquatic fowls, becomes 
the haunt of cattle, who repair thither to pasture on the 
grass* which is found there in great plenty. Things re- 
main in this state for three or four months, according to 
the constitution of the year ; but after that period^ the 
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mwÈÊrtekunÊ tfaron^^k the holes by wUch hhtA been é^ 
ambed, and with so consideimble a force that it sponts H]^ 
to the height of several feet^ so that in less than twàikfta. 
•foor boors the lake has resamed its former state.' : 

Itis howerer to be observed, that there are some irrqrQfai 
krities in the time and duration of this evacuation* It 
sometimes happens that the lake is filled and emptied two. 
or three times in the year. One year it experiJenced no 
evaenation, but it never remained empty above foov 
miontfas: .Notwithstanding these irregularities» the flbé- 
noBoenon deserves a place among -the most eztraordhmry 
sii^^alarities of nature* See on ùm subject a woA by MJ 
Weiehard Valvasor, a learned man of that country, en^ 
titled Glmia ducaius CtMinoU, Kc, 1688; ito. Tins audKtf 
enters into details wMoh entitle him to credit ; and besktHs 
dns, it is a &ct well known, and mentioned by vsûriona ii^ 
tdUgent travellers» 
- IL Valvasor deduces, withi great probability, the phe^ 
nomena of this lake from subterranean cavities, wUch 
communicate with it^ by the apertures already mentioned, 
and which are full of water supplied by the r«n« When 
the rain ceases for a conûderaÛe time, so that the water 
is evacuated by a certain point, a play of qrphons takes 
place, by which means the whole lake is emptied. But 
for the details of this explanation we must refer to the 
work before mentioned, or to the acts of Leipsic for the 
year 1688. 

PROBLEM LXVIT. 

Of the speaking trumpet, and ear trumpet : Explanation of 
them : Construction of the inchanted head. 

As the sight is assisted by telescopes and microscopes^ 
so similar instruments have been contrived for assistin 
the faculty of bearing. One of these, called the speakin 
trumpet, is employed for conveying sound to a grea 
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distance: the other, called the ear trumpet, serves to 
magnify to the ear the least whisper. 

Among the moderns. Sir Thomas Moreland bestowed 
the most labour in endeavouring to improve this method 
of enlarging and conveying sound, and on this subject he 
published a treatise, entitled De Tuba Siento aphonica, a 
name which alludes to the voice of Stentor, so celebrated 
among the Greeks for its extraordinary strength. The 
following observations on this subject are in part borrowed 
from that curious work 

The ancients, it would seem, were acquainted with the 
speaking trumpet : for we are told that Alexander had a 
horn, by means of which he could give orders to his whole 
army, however numerous. Kircher, on the authority of 
some passages in a manuscript, preserved in the Vatican, 
makes the diameter of its greatest aperture to have been 
seven feet and a half. Of its length he says nothing ; and 
only adds that it could be heard at the distance of 500 stadia, 
or about 25 miles. 

This account is no doubt exaggerated; but however 
this may be, the speaking trumpet is nothing else than a 
long tube, which at one end is only large enough to re- 
ceive the mouth, and which goes oa increasing in width 
to the other extremity, bending somewhat outwards. The 
aperture at the small end must be a little flattened to fit 
the mouth ; and it ought to have two lateral projections, 
to cover part of the cheeks. All this will be better compre- 
hended by recurring to pi. 6 fig. 33, which requires no 
farther explanation. 

Sir Thomas Moreland says, that he caused several instru- 
ments of this kind to be constructed of different sizes, viz, 
one of four feet and a half in length, by which the voice 
could be heard at the distance of 500 geometrical paces;; 
another 16 feet 8 inches, which conveyed sound 1800 
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paces ; and a third of 24 feet, which rendered the voice 
audible at the distance of 2500 paces. 

To explain this effect, we shall not saj, with Ozanam, 
that tubes serve, in general, to strengthen the activity t)f 
natural causes; that the longer they are the more this 
energy is increased, jcc ; for this is not speaking like a 
philosopher ; it is taking the effect for the cause : we must 
reason with more precision» 

The cause of this phenomenon is as follows. As the ait 
is an elastic fluid, so that every sound produced in it» 
transmitted spherically around the sonorous body ; when a 
person speaks at the mouth of the trumpet, all the motion 
which would be communicated to a spherical mass of air, 
of four feet radius, for example, is communicated only to 
a cylinder, or rather cone of air, the base of which is the 
wider end of the tnimpet. Consequently, if this cone is 
only the hundredth part of the whole sphere of the same 
radius, the effect will be as great as if the person should 
speak a hundred times as loud in the open air: the voice 
must therefore be heard at a distance a hundred times as 
great. 

The ear trumpet, an instrument exceedingly useful to 
those almost deaf, is nearly the reverse of the speakiug^ 
trumpet : it collects, in the auditory passage, all the sound 
contained within it ; or it increases the sound produced at 
its extremity, in a ratio which may be said to be as that of 
the wide end to the narrow end. Thus, for example, if 
the wide end be 6 inches in diameter, and the aperture ap- 
plied to the ear 6 lines, which in surfaces gives the ratio 
of 1 to 144, the sound will be increased 144 times, or 
nearly so ; for we do not believe that this increase is ex- 
actly in the inverse ratio of the surfaces : and it must be 
allowed that, in this respect, acoustics are not so far ad- 
vanced as optics. 
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Rbmahk. — It is a certain fact, proved by expérience^ 
wbaterer may be the cause, tbat sound confined in a tube 
is conveyed to a much greater distance than in the open 
idr. Father Kircher relates, in some of his works, that 
the labourers employed in thé subterranean aqueducts 
of Rome beard each other at the dbtance of sereral 



If a person speaks, even with a very low voice, at the 

extr^nity of a tube, some inches in diameter, another who 

hta his ear at the other extremity will hear distinctly what 

is said, whatever be the number of the circumvolutions of 

. the tube. 

This observation is the principle of a machine, which 

excites great surprise in those unacquainted with the phe* 

aomena of sound. Â bust is placed upon a table; from 

ene or each of its ears a tube is conveyed through the table 

' end one of its feet, so as to pass through the floor, and to 

end in a lower or lateral apartment. Another tube, pro* 

eeeding from the mouth, is conveyed in a similar manner, 

into the same apartment. A person in company is desired 

to ask the figure any question, by whispering into its ear, 

A confederate of the one who exhibits the machine, by 

applying his ear to the extremity pf the first tube, hears 

tnrjr piaialy what has been said ; and placing his mouth 

9t the aperture of the other tube, returns an answer, 

yAàth is beard by the person who proposed it. If motion 

Veoonimiinicated at the same time to the lips of the ma« 

chine, by any mechanical means, the ignorait will be 

I VHIch- surprised, and inclined to believe tbat this phe« 

n^mwm is the effect of magic. It may be easily seen, 

Jtowerer, tfiat the cause is very siqipjie. 
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PROBLEM LXVIII. 

When hoys play at Ricochet ^ or duck and drake^ what is the 
cause which makes the stone rise above the surface of the 
water J after it has been immersed in it ? 

This play is well known, as most boys amuse themselveft 
with it, when near a piece of water of any extent. But 
the cause why the stone rebounds, after it has touched the 
surface of the water, seems to be involved in a certain de- 
gree of obscurity; and we will even say that some phi- 
losophers have mistaken it, by ascribing it to the elasticity' 
of the water. As water has no elasticity, it is evident that 
this explanation is not well founded. 

This rebounding however depends on a cause which ap- 
proaches very near to elasticity. It is the effort made by 
every column of water, depressed by a shock, to rise up 
and resume its former situation, in consequence of a sort- 
of equilibrium which must prevaifbetween it and its neigh- 
bours. But let us enter into a more detailed analysis of 
what takes place on this occasion. 

When the stone, which must be flat, is thrown oblique^ 
at the surface of the water, and in the direction of its edge^ 
it is evident that it is carried by two kinds of motion coiih 
pounded together, one horizontal, which is quicker, and 
the other vertical, which is much slower. The stone, whei» 
it reaches the surface of the water, impels it by the eflect' 
of the latter only, and dépresses a little the column of 
water which it meets; this produces a resistance wbicb' 
weakens the vertical movement, but without destroying 
it; so that it continues to dip, depressing other columiit|' 
hence there result new resistances, which at length aiH 
nihilate this motioir, so far as it is vertical. The stone ha^ 
then reached the greatest depth to which it can attain, and 
must necessarily describe a small curve, the convexity of 
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which is opposite to the bottom of the water, as seen pi. 6> 
fîg. 34; but, at the same time, its motion so far as it is 
horizontal has lost little or nothing. On the other hand» 
the column, depressed by the shock of the stone, re-acts 
against it, being pushed by the neighbouring columns; and 
bence there arises a vertical motion communicated to the 
stone, which is combined with the remaining part of its 
iforiâsontal motion. The result then must be an oblique 
motion, tending upwards ; which causes the stone to re«> 
bbund above the water, making it describe a very much 
flattened small parabola; it then again strikes the water 
obliquely, which produces a second rebounding; then a 
third, a fourth, and so on, always decreasing in extent 
and height, till the motion is entirely annihilated. 

PROBLEM LXIX. 

Mechanism of paper Kites : Various questions in regard M 

this amusement» 

Every one is acquainted with the amusement of the 
paper kite, a very curious small machine; which in its 
n(6chauism displays great ingenuity. To some however, 
it may appear astonishing that an object of this nature 
riidukl form the subject of an academic memoir;' foir there 
is one on paper kites in the Transactions of the Acàdéoff 
of Berlin for the year 1756. But this surprise ^ will cease 
lifhen it is known, that Mr. Euler junior was a profound 
geometrician, at an age when most young per^ns see 
fioâiing in the paper kite but an object of amusement* : to 
bitii^ therefore it could hardly fail of being a subject èf 
nieditation. It presents indeed several curious quésti($hsj|^ 
and which for the most part cannot bef' treated -witheùtp 
the higher analysis. This memoir therefore may be ranked' 
among the Juvenilia of a great mathema^tioian. WeëhéÀi 
Bottfollow him in his profound caiculationtf ; w^ «hali^on«- 

p2 
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tent ourselves with treating the subject in a lesS rigoreiui 
manner, but much easier to be understood. 

The kite, as is well known, is a plane surface, abcd, 
pi. 6 fig. 35, as light as possible, shaped like an irregular 
rhombus; that is to say, formed of two triangles bac, and 
BDc, in which the angle a of the former is much greater 
than the angle d of the latter. The head Is towards A, 
and u is the tail, to which is generally aâixed a long cord, 
having pieces of paper attached to it at certain lengdis: 
some much shorter are placed at the corners a and c, 
which causes the small machine, when elevated, to appear 
at a distance like a monstrous bird balancing itself in tbe 
air, by the help of its tail nnd its wings. 

At a point of the axis ad, and towards the point E, i$ 
affixed a small cord, some hundreds of feet in length, 
rolled upon a stick, to be let out or taken in as occasion 
may require. But it is necessary that this cord should be 
made fast to the kite in a certain manner; for, in the first 
place, two other small cords proceeding from a point near 
the place where it is attached must be extended to tbe 
points B and c, to prevent the machine from turning on 
the axis ad; and secondly, from the same point of tbe 
cord, another small cord must proceed to a point near ibe 
bead a ; so that the angle formed by the cord with tbe 
axis AB shall be acute towards a, and invariable: a fourth 
even is made to proceed from this point of the cord to a 
point near d. 

These arrangements being made; when the kite ii to 
be committed to the wind, an assistant holds the cord at 
the distance of some yards, and the inferior surface of the 
kite being exposed to the wind, it is thrown up into the 
air. The person who holds the cord then be^rins to run 
agùnst the wind in order to increase the action of tbe air 
on it» surface. If a considerable resistance is experienced^ 
a little of tbe cord is successively unrolled, and tbe kite 
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rises : it is necessary to know bow to govern it by iinroUk 
ing or winding up the cord properly^ that is to say, letting 
it go when it is found by the effort experienced that the 
kite can still rise, and winding it up when it becomes 
alack. A kite properly constructed, when the time and 
pkce are favourable, can rise to the height of three or four 
'liundred feet, and even more. 

To analyse this amusement, and explain what takes 
place, let us suppose that ad pi. 6 fig. 36, represents the 
axis of the kite, to which is attached the cord eg, held at c 
by the person who directs it. Let rx be the direction of 
the wind, all the currents of which we suppose united in 
one, acting on the centre of gravity of the surface of tbe 
kite ; and which, for the sake of simplifying, we shall 
suppose not to differ from that of the body itself, or to be 
tery near it. 

Let FE represent the force with which the wind, to which 
the kite is exposed, impels its surface in a perpendicular 
cUrection; draw so perpendicular to that surface, and 
make el a third proportional to ef and kg, and draw lu, 
parallel to «f ; el will represent the force with which the 
wind impels the lower surface of the kite, in the perpen* 
dicolar direction^ and lm will be the effort exercised by 
this impulse in the direction ml or akd. 

We shall first observe, that by the latter the kite would 
tend to be precipitated downwards; but the angle aec 
being acute, there thence results an effort in the direction 
KA, which counterbalances the former ; otherwise the kite 
could not support itself, and this is the reason why this 
angle must necessarily be acute. 

If we now make eh equal to el, and draw £i perpen* 
^ttlar to the horizon, and hi perpendicular to eh» we 
Aall have two new forces ; one of which, ih, will act ia 
the direction kd, and tend to throw down the kite: but 
{fxrjce is annihilated, as well as the former ml» by tbe 
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I 4>ower in c, which draws according to the acute -tmglc 
I ^ic. The othtT, ei, is that which tends to make the kite 
^^se in a vertical direction. 

Hence, if the force ei be greater than the weight of the 
I jkite, it will be raised into the air ; and if we suppose that 
1 ^e extrettiily of the cord is fixed in c, it will turn around 
] the point c as it rises; but by turning in this manner it 
I pmst necessitrily happen, that the wind will fall with more 
l^bliquity on its surface aB; so that there will at length be 
t i^n etjuilihrinm. The kite then will rise no farther, unless 
1 1|tbc cord is let out; in which case it will rise parallel to 
I ,itfelf, and as in ascending it will meet with freer air and a 
L stronger wind, it will still turn a little around the angle cj 
I (or the angle c will become greater, and approach more 
j^ld more to a right angle. 

Such is the mechanism by which the paper kite rises 
[ ^nto the air. ft may he readily seen, that if the velocity 
I ,of the wind, with the surface and weight of the kite, be 
t jbiDwn, as well as the constant value of tlie angle aec, 
I (Jie heii-ht to which it will rise may be determined, 

Lstion, which here naturally presents itself, is, what 
I .ought to be the quantity of the angle aef, in order that 
the timall machine may rise with the greatest facility ? We 
t shall not give the analysis of this question, but shall only 
oay, that if the wind be horizontal, this angle must he 54* 
I ii'^ ur ihe same which the rudder of a ship ought to make 
I (Tfith the keel, that the vessel may be turned with the 
I ercatest facility, supposing the currents of water whicb 
[ Jlupt^l it lo have a direction parallel to the keel. 

We shall here observe, that it is not absolutely necessary 

that the angle aec should he invariable, and determined to 

I .^e such, by a small cord proceeding from a point of en to 

another point near the head ; but in this case the point e, 

where this cord k attucbcd to the kite, must not be the 

" ,e ceatre of gravity of tlie surface o ' ' 
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ibe centre of grayity must be as far as possible towards 
the centre of the tail d. It is for this reason, that a cord 
with bits of paper fixed in it is added to the point d ; by. 
which means the centre of gravity is thrown towards that 
point. Those who amuse themselves with kites were 
certainly not conducted to this mode of construction à 
priori: the origin of this appendage must have been a 
desire to give to the small machine the appearance of a 
bird with a long tail, balancing itself in the air. But acci- 
dent, on this occasion, has been of great utility ; for M. 
Euler found by a calculation, of which no idea can be here 
given, that this small tail contributes a great deal to the 
elevation of the kite. 

In short, this amusement, however frivolous it may ap- 
pear, presents some other mechanical considerations which 
require a great deal of address, and a very intricate calcu- 
lation; but for farther particulars, we must refer to the 
Memoir of Mr. Euler before mentioned. 

Remark. — By observing the before-mentioned rules, 
various figures may be given to this small machine; such 
as that of an eagle, or a vulture, &c. We remember to 
have once seen a kite which resembled a man. It was 
made of linen>cloth cut, and painted for the purpose, and 
stretched on a light frame, so constructed as to represent 
the outline of the human figure. It stood upright, and 
was dressed in a sort of jacket. Its arms were disposed 
lie handles on each side of its body, and its head being 
covered with a cap, terminating in an angle, favoured the 
ascent of the machine, which was 12 feet in height; but 
to render it easier to be transported, it could be folded 
double by means of hinges adapted to the frame. The 
person who directed this kind of kite was able to raise it, 
though the weather was very calm, to the height of nearly 
^OO feet ; and, when once raised, he maintained it in the 
air by giving only a slight motion to the jstring The 
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figure, by these means, acquired a kind of libration like that 
of a man skaiting on the ice. The illusion occasioned by 
this spectacle, which might seem 6t only for amusing 
school-boys, did not fail to attract a great number of curi- 
ous 8[>ectators. 

PROBLEM LXX. 

0/l/te Divining Rod; and opinion which se ought to form 
ofit. 

We shall speak here of the divining rod, merely because 
this illusion, or philosophical quackery, made at one time 
a great noise, and because the reader will doubtless expect 
to find some account ofit in a work of this kind; were not 
this the case, such idle dreams would be too contemptible, 
and too unworthy of the philosophy of the present century 
to deserve notice. 

The divining rod is nothing else than a forked piece of 
Iiazel, the two branches of which must be 15 or 18 inches 
in length, and form an angle of 30 or 40 degrees. The 
two branches are held in the hands in a certain manner, 
so that the trunk or middle is turned towards the heavens*. 
Some persons, it is said, are endowed with such a pro- 
perty, thac if they hold this rod as above described, it 
tends by a violent effort to turn its trunk downwardsf, 
when in the proximity of a spring, or of precious metals 
concealed in the bowels of the earth, or stolen money, Stc. 
Nay, some even have asserted that it has pointed out, in 
this manner, the traces of criminals, robbers, or assassins. 
An instance of this credulity, too memorable to be omitted» 
tgok place at Lyons, in consequence of a murder com- 
mitted on the 5th of July 1692. A retailer of wine anj 
his wife were both found murdered, as appeared, by blows 

• Other accoiiotj wy Aoma towKrdt the CMtb. 
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with a bedghig bill^ and their money was Carried away 

from a shop in which they usually rended. As no traces 

were found of the assassin^ recourse was bad to James 

d'Ajrmar^ a native of DaupUné, who about that period had 

acquired great reputation and many partisans^ by means 

of his divining rod. D*Aymar having caused himself to 

he conducted to the spot where the murder had beea 

oommitted, was scarcely entered, when he fell into a sort 

of a fit. As soon as he had recovered, after making a 

♦honsand contortions and movements with his rod, he 

promised to follow the track of the assassins. He took . 

rod in his hand, and, accompained by a clerk of the 

and some horsemen of the Maréchaussée, proceeded 

^:o Beaucaire, pursuing the same route which be said the 

amssajwins had taken. When he arrived at that city, still 

^g uided by his rod, he went straight to the gate of the 

risoD, in which it was customary to confine thieves durw 

ng the tiàie of the fair. On the gates being opened, 

'welve or fifteen prisoners were presented to him, but the 

4A turned only to a hump-backed person, who had been 

ught in the act of thieving. He was cond ucted to Lyons, 

onfessed his crime, and was broken on the wheel in the 

jplace des Terreaux. 

- The assassin, before he expired, confessed that there 

two accomplices, who bad been with him at Beau- 

and who had quitted that city when they heard of 

lais being arrested ; but that he did not know whither they 

^wreie gone. ^' I shall find them dead or alive," said 

d*Aymar; and again taking bis rod, proceeded to Beau« 

, with the same escort as before. When he arrived 

Ûm town, he asserted that the assassins had directed 

course to Toulon ; he pursued them thither, but at 

Toulon his rod indicated that they had embarked : a vessel 

^lu sent in search of them; but they were not foundj and 

^Ajnaar and his coflipaaions returned to Lyons. 
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Armar's repot^eaj 
he could have traced 
' il been Liwful to arrest 
\i| Miese fiicts, and a great 
^ , ■, ere submitted to the e 
MiL- pulilic wished to know, 
_r iht'V couid be explained 
T ;L^i the motion of the mag- 
. |Kili'3. Malebrinche, naturally 
I :jii ivithout distinction, and after! 
ii-.lutlcd, that they could be expiai 
>[, or at least implicit, compact wi 
Lyons, d'Aymar proceeded to Paris, 
lied by the prince of Conti, who was 
and toounn-orlhvifi^ an opportunity of being a witness to. 
to deserve ij*.(,.i -An: rod which be employed. The princC' 
The divioM îu ilie terrace of Chantilly, made him take bi« 
liazel, the ti Iim,.1, and expected that it would turn speedily ,f 
in length, n^ river passes below the terrace. This boweven; 
two brancli'ilti! d^e; for the rod, in wbaterer manner dis^ 
50 that tiiuktill remained motionless. The prince caused gold/, 
Some [ii^^r^iid tlints, to be concealed in four diHerent plaça 
P*''y» (^'of liis gardens, and the rod, accustomed to indicata 
tends lij,^ , ,ir,ied only to the bag filled with flints, and placed 
when iHv.Liiiderable depth in the earth. The prince hariB^ 
conte,*,, iiifoinied that an archer de guet had been assassinatetb 
^^y» 1*11 (lie St. Denis, repaired thither, accompanied by tbe! 
/:nL''> iidvocate and d'Aymar. Afier care bad been taken 
^\n liiiitirold him, be was carried several times past tha 
- nliere the murder had been committed, trnd thouglii 
t covert^ with blood, the rod still remained motion- 
yAyoiar was therefore expelled as a cheat aod ink 
t does not appear that be was ever after etn< 
h tbe southern countries, to pursue critiiinalâ wIm 
t jor we do oot End a single word respecting Uin 
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paan in the history of that period : it is evçn said that, not* 
i^jthstanding his celd)rity, he died in misery. There is 
reason to think that he had been a witness of the crime 
committed by the two villains at Lyons, and that being 
46iiirous to acquire a great name in the art of directing 
the divining rod, he followed them to Beaucaire, being 
acquainted with their project of remaining there during 
the fair; that he returned speedily to Lyons to announce 
M% secret, and in this manner had followed their track» 
We must consider as mere fables the other circumstances 
added, such as, that he knew the glasses from which they 
}iàd drunk, the knives they had used, and other things of 
the like kind. . 

, How could rational minds imagine that an action morally 
bad could communicate any physical quality to thé 
(authors of it ? That the murderer of a human being, or 
stolen money, should have an effect on the rod, rather 
Ibaa the person who had killed a sheep, or money merely 
dîiiplacéd ? Those who can believe in such reveries must 
be exceedingly weak. 

•V Some philosophers, equally credulous, have confined the 
property of the divining rod to turning in the proximity 
of treasures ; that is to say, considerable masses of gold or 
iliiver, or to fountains or collections of water, &c. In the 
ê/uaie manner, say they, as the magnet exercises an action 
çn iron, by invisible particles, these bodies, by a peculiar 
emanation, may exercise ah action on the wood of the rod; 
or- the arms of thie person who. employs it; &c. All this 
^aef reasoning, and much more, may be seen in a work 
cuViod la. Bagfutte devinatoire, by the abbé Valienont ; à 
liian not destitute of knowledge, but credulous, and ready 
Wicdopt every thing connected with the marvellous. ' ' 
^..Father Kircher also, another celebrated man, but no less 
fend of the marvellous, and often a. dupé to his credulity^ 
hàê endeavoured to reconcile the pretended wonders of thé 



divining rod, with the principles of sound philosophy. 
Thus, for example, he formed a straight rod, one half eon- 
sisling of rock salt, and tlie otht^rof wood, which be placed _ 
in equilibrium, and having exposed it to the vapour of a 
varm solution of marine salt, observed that the saline halF 
inclined downwards; from which he concluded, that such 
s rod, if carried above a mine of salt, might point it oat by 
losing its equilibrium. This was wretcliwi reasoning ; for 
salt mines do not exhale vapours like hot water ; but even 
if we suppose this to be the case, pure water also forms 
such vapours, and Kircber would bave experienced the 
same thing if he had exposed his compounded rod to the 
vapour of pure water. But it would be losing time to 
discuss such ridiculous notions, which are entertained only 
by a few credulous minds, misled by impoiitors. 

In the same class ought to be placed the pretended 
wonders of one Parangoe, much boasted of some years 
ago in the southern provinces of France, who was en- 
dowed, it is said, with the wonderful property of seeing 
springs in the bowels of the earth, and even at a great 
depth : he could trace out their course, and tell nearly at 
what depth they were. Every day announced some new 
fact, which attested this wonderful faculty; and books 
were written, in which the authors endeavoured to esplain 
bow it was possible that his eyes could penetrate to the 
bowels of the earth ; for to render this faculty still more 
wonderful, it was believed that he really saw subterranean 
objects in the full extent of the termt But this impostor 
}iad not the same honour as d'Aymar ; he was not invited 
to Paris ; he was suffered to perform his wonders in the 
province where he was born; but he soon lost his repota» 
tion there, as well as in the neighbouring provinces. The 
place where he performed his greatest miracles 
Montelimart; where the magistrates were led into con- 
ùderable expence, in consequence of their trusting to the 
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word of Parangue, who made them dig to considerable 
depths to find water, but without success. The partisans 
of the impostor said, that they were too soon discouraged, 
wd that they would have certainly found water had they 
continued. This we believe ; and if prophecies be under- 
atood in this manner, they cannot fail to be verified. 

We have heard of another impostor in the same country, 
vho pretended to discover concealed water in a different 
nanner; He walked over the places where water was 
«apposed to exist, and was always attacked by violent ill* 
3ieflB till he had passed the spring ; Credat Judaus Apella» 

It would appear that the folly of man is endless. About 
the year 1788, a woman was seen at Lisbon possessed of a 
aweh more extraordinary property. At the age of five 
years she saw a child in the belly of the cook, and with 
great. simplicity told her mother of it. The event, it is 
said, justified the girl, whose talents always continued to 
knprove. When she attained to a certain age, she could 
sea into the human body, as if it had been transparent, 
and even pdinted out to the physicians the viscera attack- 
ed by disease. One thing however very remarkable was, 
that sbe could not see into the human body in this manner, 
•eaeept when it was naked. But though light clothing 
intercepted the view of what was beyond it, she could 
aee^ it is said, to a very great depth in the earthr In like 
.■|UMr> Parangue, who could see through rocks, could 
BOt see through a board. In regard to the wonderful 
lidy of Li^n, she saw exceedingly well, and even read, 
-Amigh a plank, an inch in thickness» Walking (me di^ 
when a child, sbe saw a mine below the earth \ and it was 
indeed found that there einsted one at the depth of eo 
illdioms. It may be readily conceived that she saw sub» 
imiA pean water and springs; and it is pretended that 
lliere are a great many wells at Lisbon, which were dug 
MOOidiBg to her indications. To her abo was awing, it 
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-is said, the discovery of an obelisk. 

^lie earth, and which was erected as a decoration to tbe 

piiy. 

It is related also, that an ecclesiastic of thnt capital 
could, at all times, discover the presence of subterraoeaD 
water, by looking towards the sun at noon. He saw, it is 
said, a column of vaponr rising towards that luminary. 

.All these ridiculous tales may be seen in a work entitled 
Memoiresimtructifspour un yoyagtur; Amst.nsS: they 
were compiled l)y the admirers of the impostor of Monteii- 
mart in order to prove, that what is related of the latter 
was not impossible; but they did not perceive that they 
were attempting to prove one absurdity by a greater. 

But how can sound reasoning be expected from people 
who consider it as a fact that the fountain of Cintra, ia 
Portugal, emits a ray of light, which proceeds in a straight 
line towards the sun ; that those afflicted with the jaundice 
will be cured, if they see the bird called Loriot; that a 
furious elephant becomes immediately calm when he sees 
a sheep ; and many other things of the like kind ? Such 
people are capable of believing that one can see without 
light; and it may be said of them, that though they have 
eyes, as well as light, they do not see, at least with the 
eyes of the understanding. 

Kemark. — Notwithstanding the incredulity above ex- 
pressed by Montucia, relative to the indication of spnngi 
by tbe motion of the baguette, or divining rod ; there ap- 
pears to exist such evidences of the reality of that motion, 
as it seems next to impossible to be questioned. The 
editor of this edition, in common with many other per- 
sons, notwithstanding the numerous accounts of that ' 
motion which have been published to the world, and at- _' 
tested by multitudes of eye-witnesses, was still incre-^ 
dulous, and remained satisfied that there must have beeik^ 
\ wme tnck uied in making the expefimeirt, bi 
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spectators might be deceived, and imposed on. But, 
since the publication of the former edition of this translar 
tion, such evidence of the motion in question has beea 
exhibited as leaves little or no doubt on the minds of all 
the spectators as to the reality of that motion. This evi« 
^nce was brought about in the following manner. Soon 
after the publication of the said former edition of these 
IBecreations, the editor received, by the post, the follow-» 
ing well-written pseudonymous letter, on the subject oi 
this problem. 

ff 

" Sir, Feb. 10, 1805. 

^^ Having lately read in your translation of 
3{ontucla's Recreations the article respecting the Divining 
JRod, I am tempted to trouble you with an account of the 
^ad Powers it may possess. From the character 1 have 
imiversally beard of your candour, I am inclined to think 
^rou will place confidence in what I shall relate ; it may^ 
also afford you some amusement, and should you, from 
^reflecting on the Facts, discover the Cause, it would be a 
jpreat gratification to me to be informed of your discovery. 
*^ I have perused the history of La Baguette Divina^ 
toire ; in that book much superstition and fable are blend« 
^ with the simple truth: natural philosophy had made 
but little progress at the period that book was written, 
sod they joined together things which had no other con- 
nection than from erroneous ideas: even in these more 
enlightened days the absurdity of animal magnetism, found- 
ed on some allusion to the real magnet, has found partizan» 
and believers ; yet that folly cannot shake the conviction 
of the influence of the magnet, though not yet I believ» 
»tisfactorily accounted for. 

^' In the year 1772 (I was then 19) I passed six months 
*t Aix in Provence: I there heard the popular story of one 
•f the fountains in that city having been discovered some 
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generations before, by a boy who always expressed an 
aversion from passing one particular spot, crying out there 
teas ivaler. This was lield by myself, and the family I 
Ws with, in utter contempt, and believed as much as the 
tradition of this county, that St, Diinstaii's head rolled to 
the spot where Durham abbey was to be built and dedi' 
Cated to htm. 

" In the course of the spring the family went to pass » 
week at the chateau D^Ansouis, situated a few miles to 
thenorthof the Durance, a tract of country very mountain- 
ous, ahd where water is ill supplied. We found the mar- 
quis D'Ansouis busied in erecting what might be termed 
a miniature aqueduct, to convey a spring the distance of 
half a league, or nearly that distance, to his chateau, 
tvhich spring he asserted had been discovered by a peasant» 
who made the discovery of water his occupation in that 
country, and maintained himself by it, and was known by 
the appellation oî l'homme à la Baguette: his real name 
has escaped my recollection ; but you will find some ac- 
count of him in one of the Annual Registers near the 
period I have named, I believe that of 1772*; but not at 
present having the books to refer to, I cannot ascertain the 
year. 

" This account was received with unbelief, almost 
amounting to derision. The marquis, piqued at being 
discredited, sent for the man, and requested we would 
witness the experiment, A large party of French and 
English accordingly attended. The man was quite a 
peasant in manners and appearance: he produced some 
twigs cut from a hazel of different sizes and strength, only 
they were the forked branches, and hazel was preferred 
as forking more equally than most other trees; but it is 
not requisite that the angle should be of any particular 

• It il «tp. 96; lit. fi, of that year. Edilor, 



jiutnber of degrees. He held the ends of the twigs be« 
tweeti each fore fingers and thumbs, with the yeftex point* 
ing downwards. Standing where there was no water, the 
kiguette remained motionless ; walking gradually to tba 
)^pot where the spring was under ground^ the twig wai 
iênsibly affected ; and as he approached the spot, begaii 
to turn round; that is, the vertex raised itself, and turned 
towards his body, and continued to turn till the point 
was vertical ; it then again descended outwards, and con* 
linued to turn describing a circle, so long as he remained 
standing over the ^ing, or till one or both the branches 
were broken by the twisting, the ends being firmly grasped 
by the fingers and thumbs, and the hands kept stationary^ 
ÉO that the rotary motion must in course twist them. 
After seeing him do this repeatedly, the whole party tried 
dbe baguette in succession, but without effect. I chanced 
to be the last ; no sooner did I hold the twig as dtrectedji 
than it began to move as with him, which startled me so 
iftuch that I dropt it, and felt considerably agitated. I 
was however induced to resume the experiment, and found 
the effect perfect. I was then told it was no very unusual 
tiling, many having that faculty, which, from what has 
nnce come to my knowledge, I have reason to believe is 
true. On my return to England I forbore to let this 
fiMhilty (or whatever you may term it) be known, fearing 
tb become the topic of conversation or discussion. But, 
two years afterwards, being on a visit to a noblemaa's 
bMse in Huntingdonshire,.and his lady lamenting that she 
Was disappointed of building a dairy-house in a spot she 
particularly wished, because there was no water to be 
foliml, a supply she looked on as essential ; under promise 
^secrecy I told her I would endeavour to find a spring. I 
•eéordingly procured some hazel twigs, and, in the pre» 
sence of herself and busbandi walked over the ground 
^iroposed, tiH the twig turned with ^ùnsiderabUforct. A 
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stake was itnniediatcly driven into the ground to tuark thm 
spot, which was not very distant from where they had 
before sunk. They then took me to another, and distant 
building in the park, and desired me to try there : I found 
the baguette turn t'ert/ stTong, so that it soon twisted and 
broke : the gentleman persisted that there was no water 
there, unless at a great depth, the foundation being very 
deep (a considerable stone cellar) and that no water ap- 
peared when they dug for it. I could only reply, that I 
bave no more than from the baguette turning, and that I 
liad too little experience of its powers or certainty to 
answer for the truth of its indication. He then acknow- 
ledged that when that building was erected, they were 
obliged to drive piles for the whole foundation, aa they 
inet with nothing but a quicksand. This induced him ta 
dig in the spot I first directed ; they met with a very fiuent 
spring ; the dairy was built, and is at this lime supplied by 
it- I could give a long detail of other trials I have made, 
all of which have been convincing of the truth, but they 
would be tedious. For some years past I have been in- 
different about its becoming known, and have consequently 
I been frequently requested to show the experiment, which 
1 ias often been to persons in high estimation for under- 
I rtanding and knowledge, and I believe they have all been 
I convinced. Three people I have met with who bave, on 
I trying, found themselves possessed of the same faculty* I 
I ^lall only add one more particular incident: having once 
L aliown it to a party, we returned into the house to a room 
I on the ground floor; I was again asked to show how J 
l.Âeld t/ie twig ; taking one in my hand I found it turned 
I ijnmediately ; on which an old lady, mother to the gentle- 
I man of the house, said that room was formed out of an 
old cloister, in which cloister was a well, simply boarded 
over when they made the room. 
" L'homme à la baguette from experience, could with 



tolerable accuracy tell the depth at which the springs 
were, and their volume, from the force with which the 
baguette turns ; I can only give a rough guess. In strong 
frost I think its powers not so great ; on a bridge or in a 
boat it has no effect : the water must be under ground to 
affect the baguette, and running through wooden pipes 
acts the same as a spring ; even being arched over does not 
prevent it, as I felt a spring broke out in a cellar, standing 
in a stone passage over the arch. I can neither make the 
baguette turn where there is no water ^ nor prevent it from 
turning where there is any, and I am perfectly ignorant of 
the cause why it turns. 

*' The only sensations I am sensible of, is an emotioti 
ftimilar to that felt on being startled by sudden noise^ or 
surprise of any kind. If, sir, you can throw any light on 
this fact, and account for it, I hope you will indulge me by' 
Communicating your conjectures. A letter under cover 

to ■ near , directed to x, y. 2. 

will by him be forwarded to me. If you should think it 
Worth your trouble to make any queries on the subject, I 
will with pleasure reply to them. 

" I am. Sir, 
^' your bumble servant, and admirer of your talents, 

" X. Y. Z."" 

t 

. Having in reply made a suitable acknowledgment for 
the favour of this letter, with expressions of surprize at 
the extraordinary account it contained, and a declaration 
of my ignorance of any cause in nature to produce such « 
alleged effects, but a wish for further information and. 
' e^dence« In consequence I was afterwards favoured with 
the following letter from the same writer, a lady of elevat- 
ed rank^ whose high character for talents and accomplish* . 
ments I was, by general report^ well acquainted witb* r; 
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" Sir, 

*' I have received your letter directed for x. t. e« 
ÎD reply to one bearing that signature of Feb. 10, 1805. 

'^ The candid manner in which you have considered 
jbhe narrative I then sent demands an acknowledgment. I 
withheld my name, more from a wish that you might 
openly state any doubts you might entertain, than from 
any wish to conceal it, as otherwise you might have felt 
some delicacy in expressing disbelief. I lament you can 
throw no light on this extraordinary circumstance, which 
has ever strongly excited my curiosity as to the cause of 
it, but hitherto I have met with none who have gone 
beyond a vague conjecture. A very sensible and well in« 
formed physician imagined it might be occasioned by 
some singular effect of electricity on my frame, but could 
not satisfy himself of the certainty of his conjecture. I 
shall most probably be in London next winter, and will (if 
you wish it) afford you an opportunity of making your 
own observations on this curious fact, which you may then 
give any account of that you please, either in the next 
edition of your Montucla, or any other publication. 

^' The nobleman's house I named in my letter was 
Kimbolton, and I make no doubt that the present dowager 
duchess of Manchester well remembers the experiment 
and its success. 

** I could refer you to many of the first characters in 
the kingdom who have seen it tried at different times and' 
cKHferent places, but am inclined to be of opinion that yoa 
wiH not suspect me of a wish to mislead you and expose 
myself by a ridiculous falsehood. 

^' I enclose you a baguette, exactly as I use it, but a 
larger one (inconvenient to send in a letter) shows the 
power more fully, as so small a one almost immediately 
breaks from the twisting of it, near the finger and thumb. 
I shall only add that many trials since the year 1772 have 
€0nvinc€(i me, ûmXtihefact is certain, for I myself was slow 
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iKkcredit it. Should you wish to write'again, do lùe tbe 
favour to direct to the Hon*'^. ■ at ■ , 

** I have the honour to be, Sir, 



u 



your obedient humble servant. 



9t 



^ April 30,1805.^ 

** I generally use a baguette about six inches from the 
vertex to the ends of the twigs where they are cut off.*' 

In consequence of the favour of this respectable and in*- 
dttlgent epistle, as soon as I learned that the lady with hel* 
family was arrived in London, I took an early opportunity 
of waiting upon her ladyship, to pay my respects, and 
' return thanks for the favour done me, at the same time 
expressing an earnest wisH that the lady would further 
indulge me with a sight of the experiment, performed at 
any time and place her ladyship might be pleaded to ap- 
point. And soon afterwards I had the honour to receive 
the following note, appointing tbe meeting for the pur« 
'pose of showing the experiment. 

^^ Lady • ^*s compliments to Doctor Hutton, and 

proposes to be at Woolwich on Friday the 30th inst. at 
eleven in the forenoon, if that day and hour will be coil* 

venièpt to Doctor Hutton. Lady • will then have 

tbe pleasure of showing him the effect of the Divining 
Rod^ and requests he will provide some branches of hazel, 
wldch she will cut into the proper forms when she airives. 

^ Doctor Hutton will have the goodness to answer 
Lady , to inform her if he shall be at leisure on 

Friday ta receive her at his house, for the purpose of the 
experiment. 



« May 23d.»' 

Accordingly, at tbe time appointed, tbe lady, with all 



her family, arrived at my house at Woolwich Common; 
■when, after preparing the rods &.c, they walked out to 
the grounds, accompanied by the individuals of my own 

family and some friends, when Ladv — showed the 

experiment several times, in different places, holding the 
rods, See, in the manner as described in her ladyship'» 
first letter above given. In the places where / had good 
reason to know that no water was to be found, the rod 
was always quiescent; but in the other places, where I 
jcnew there was water below the surface, the rods turned 
slowly and regularly, in the manner before described, till 
the twigs twisted themselves off below her fingers, which 
were considerably indented by so forcibly holding the tods 
between them. All the company present stood close 
round the lady, with all eyes intently fixed on her hands 
and the rods, to watch if any particular motion might be 
made by tlie fingers ; but in vain, nothing of the kind was 
perceived, and all the company could observe no cause oc 
reason why the rods should move in the manner as ihey 
■were seen to do. After the experiments \ 
were ended, every one of the company tried \ 
the rods in the same manner as they saw the 
lady had done, but without the least motion 
from any of them. And in my family, among 
ourselves, we have since then several times 
tried if we could possibly cause the rod to 
turn, by means of any trick or twisting of the 
fingers, held in the manner the lady did ; but in vain, we 
bad no power to accomplish it. The annexed figure 
represents the form and position of the rod, about 6 inches 
in length, cut off just below the joint, or junction of the 
two twigs. 

I am sorry it is not permitted to publish the lady's name. 
While this edition of the book was in the press, thinking 
the abûve particulars might form no improper supplement 
to what bad been said by M. Montucla on this subject, I 
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addressed a few lines to Lady ', then in a distant 

part of the country, to enquire if her name might be 
mentioned in the account I meant to give ; to which I 
received the following answer in the negative. 

" Dear Sir, Oct. SO, 181S. 

' ** Having been from home, I did not re- 

ceive the favour of your letter till yesterday, therefore 
take the earliest opportunity of replying to it. ' As I have 
ever had a horror of appearing in print, I had rather not 
have my name given with the aécount you propose of the 
discovering of springs; therefore, as it will be anonymous, 
you will judge for yourself how far you may wish to relate 
the circumstances with which I have acquainted you. 
They are known to so many^ that I am of opinion they 
will obtain credit in a great degree, without a name being 
formally attached to them. I can only repeat, that every 
experiment I have made confirms the reality of the power^ 
though I cannot account for it. 

** Believe me, dear Sir, your faithful servant. 
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PART TWELFTH. 



Of the Magnet J and its Farious Phenomena. 

Of all the phenomena exhibited to us by nature, mag- 
netism, or the properties of the loadstone, and electricity, 
may with justice be considered as the most extraordinary^ 
as the causes of the effects produced by them have oc- 
casioned the greatest difficulties to philosophers; for it 
must be confessed that, notwithstanding all their attempts 
to explain themi we are at yet acquainted only with facts. 
Tb^ have been able indeed to apply certain hypotheses 
tp some of these phenomena; but if we examine these 
liypotheses with an unprejudiced eye, and without suffer- 
ing ourselves to be the dupes of illusion, we cannot help 
acknowledging that they have little solidity, and that they 
are subject to difficulties which cannot be removed, as long 
as we m<^ke it a rule to reason only from the known pro- 
X>ertie$ of matter, and the laws of motion. Posterity per- 
hfips VUl be more successful; and^ assisted by time and 
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accumulated experiments, will see more clearly into those 
matters ; or perhaps they may for ever remain an im- 
penetrable secret to the human mind. 

In this part of our work we shall confine ourselves, in 
speaking of the magnet, to its properties, and the phiio- 
sophtcal amusements which may be performed by their 
means. Electricity will furnish matter for the succeeding 
part. 

ABTICLE I. 

Of the Nature of the Magnet. 

The magnet is a metallic stone, commonly of a greyish 
or blackish colour, compact and very heavy, and is usually 
found in iron mines. It afTects no particular form ; ex- 
hibits no external marks, to distinguish it from the meanest 
productions of the bowels of the earth. But its property 
of attracting or repelling iron, and of directing itself to the 
north, when at full liberty to move, gives it a title to be 
classed among the most singular objects of nature. 

This stone, properly speaking, is merely an iron ore, 
but of that kind which is called poor ; because it contains 
only a small quantity of metal. Modern metallurgists in- 
deed have been able to extract iron-from it; but, besides 
that it is difficult to be fused, it is so unproductive, that it 
■would not pay for the expence of working it. 

But it may here be asked, why is not every kind of iron 
ore magnetic ? This is a. question to which, in our opinion, 
no answer has ever been given. Its magnetic virtue arises, 
uo doubt, from a peculiar combination of iron with the 
heterogenous particles to which it is united ; and perhaps 
it contains some principle which does not enter into the 
other ores of that metai : but it must be allowed that this 
does not solve the diâiculty. However, it is not impos- 
sible that chemical analysis may some day discover in what 
this combiDUtioD coosists ; and it is not improbable, th^tL 
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^ur profound ignorance respecting the physical causes of 
the action of the magnet, may arise from chemists having 
hitherto neglected to make this production of nature a sub« 
ject of their researches. 

Formerly, the loadstone was exceedingly rare. The 
name magnes, by which it was known both among the 
Greeks and the Romans, seems to have originated in Mag- 
nesia, a province of Macedonia, where it was found in 
great abundance, or which furnished the first magnet$ 
known. But the loadstone has been since fouhd in almost 
every region of the earth, and particularly in iron mines. 
The island of Elba, so celebrated for its mines of that 
metal, worked from the earliest ages, is said to furnish the 
largest and best magnets. 

; 

AKTICLE II. 

Of the Principal Properties hf the Magnet* 

The ancients were acquainted with no other property of* 
the magnet, than that which it has of attracting iron ; but 
the moderns have discovered several others ; such as its 
communication, its direction, declination and inclination, 

to which we may add its annual and daily variation, 

* 

§1. 

Of the attraction which prevails between the magnet and 
iron, or between one magnet and another» 

EXPERIMENT I. 

Which proves the attractive power of the magnet over iron. 

Every person is acquainted with the attractive force 
which the magnet has upon iron. If filings of that metal 
be presented to a magnet, and even at some distance, you 
will see the filings dart themselves towards 4:he stone, and 
adhere' to it. The case wiU be the same with any small 
and light bit of iron, such as a needle ; this will approach- 
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will be observed that there are two places, diametrically 
opposite to each other, which are the poles, where the 
filings are closer, and where the small oblong fragments 
stand as. it were upright, whife in other parts they lie 
flat. 

By this experiment we are enabled to find the poles of 
the magnet. Every magnet indeed has two poles, or two 
opposite points, which, as will be seen hereafter, possess 
dififerent and peculiar properties. One of these points is 
called the north pole, and the other the south; because, if 
the magnet be freely suspended, the former will turn of 
itself to the north, and consequently the other will be di- 
rected to the south. When it is intended to perform ex-» 
periments with a tnagnet, these two points must be first 
determined» 

EXPERIMENT III. 

Properties of the Poles of the Magnet, in regard to each 

other. 

Provide a magnet ; and having determined its two poles,, 
make it float on the water by placing it on a piece of cork 
of a proper size ; if you then present to the north pole of 
this stone the same pole of another, the former will be r&- 
peljed, instead of attracted ; but if you present to its north- 
||ole) the «outh pole of another, it will be attracted. 

. In like manner, if to the south pole of the former you 
present the south pole of the latter, the first will recede; 
fa^t if you present to this south pole, the north pole of the 
second, it will approach. 

. The poles then of the same name^ repel ; and those of a 
different name, attract each other. 

EXPERIMENT IV. 

To produce New Poles in a Magnet. 
..K a magnet be cut in a direction perpendicular to the 
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axis paBs'mg through its two poles a and B, pi. 6 fig. 37, 
there will be fornied by the section two new poles, such 
as F and e ; so tbm if a be the south pole of the whole 
stone, E will be a north pole, and f a south pole. By this 
bisection, therefore, the north side of the stone will acquirs 
a south pole, and the south side a north pole. 

Remauks, — A magnet, iiowever good it may be, unless 
it be very large, will scarcely support a few pounds of 
iron; and, in general, tlie weight which a magnet can 
carry is always very much below its own weight. But 
means have been found out, by employing what is called 
arming, to make it produce a much more considerable 
effect. We shall therefore describe the method of arming 
a magnet. 

First give the magnet a figure nearly regular,and square 
its sides where the two poles ure situated, so that these two 
sides may form two parallel planes. Then make, of soft 
iron, for steel is not so good, two pieces, such as that seen 
fig. 38, the long and flat side of whicii m^y be of the same 
length and breadth as the faces of the magnet where the 
poles are situated. The proper thickness Iiowever of this 
^de, as well as the projeciion of the foot, and its thickness, 
can be found only by repeated trials. These two pieces 
must embrace the magnet on the two faces where the 
poles are situated, the fct:t passing below as if to support 
it; and they must be fastened in that situation by trans* 
verse bands of copper, surrounding the mugnet, and com-' 
pressing the long branches of these pieces against the faces 
of the poles. 

Then provide a piece of soft iron, of the form seen fig. 
39, a little longer than the distance between the bands of 
iron applied to the poles of the magnet, and in thickness 
somewhat more than ilie flai faces of the lower p;trt of the 
feet of the arming. In regard to the height, it must bo 
regulated by what may appear most conveoieut. PierCe 



BAOPERTIES OF TUB MAOKET^ 23l9 

t hole in it towards the middle, to receive a hook for the 
purpose of suspending from it the weight to be supported 
by the magnet. Fig. 40 represents an armed magnet^ 
which will be sufficient to give an idea of the whole ar- 
rangement, without any further explanation* 

A magnet armed in this manner will support a much 
greater weight than one not armed. A stone, for ex- 
ample, of 2 or 3 ounces, will by these means support 50 
or 60 ounces of iron ; that is, 20 or 30 times its own 
weight. 

Lemery says he saw a magnet, of the size of a moderate 
apple, which supported 2.2 pounds. Some have been seen^ 
-of 11 ounces, which could support $8 pounds. The sum 
<?f 5000 livres (above 200/. sterling) was asked for it. M. 
de Condamine, of the Royal Academy of Sciences, pos- 
sessed one, given to him by Maupertuis, which was capa-^ 
ble, we believe, of supporting a weight much greater than 
any other magnet known. We do not remember its di- 
mensions, or its weight, neither of which was very con- 
siderable ; but, if we recollect right, he used to say that 
it could support 60 pounds. 

, !!• Researches have been made to discover, whether 
there be any other bodies, besides iron, susceptible of being 
attracted by the magnet : from which it appears indeed that 
there are not. Yet Muschenbroek says, that the magnet 
seemed to exercise an action on a stone which he calls 
Laugh-neagh. We are not acquainted with this stone» 
But it is probably some kind of iron ore, in which that 
metal is a very little mineralised. 

In his Cours de Physique Expérimentale, Chap. 7, he 
gives an account of some trials, made on a great many dif- 
ferent kinds of matter, to ascertain whether they were su&r 
ceptible of being attracted by the magnet. He found that 
this Stone, without any preparation, attracted the whole or 
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a great many of the particles in different kinds of sand and 
earth, which he enumerates. Several others presented no 
particieii susceptible of attraction by the magnet, until they 
had been exposed to the action of fire, by bringing them 
to a red heat, and burning them with soap or charcoal, or 
grease : after which, saj's he, they were attracted by the 
magnet, witli almost as much force as iron filings ; such^ 
adds he, are the earth of whicli bricts are made, and which 
becomes red when burnt -, also different kinds of bole and 
Coloured sand. Others, when burnt in this manner, pre- 
sented only a few particles, susceptible of being attracted 
by the magnet: of these he gives a long enumeration, 
which we shall not here repeat. 

This will not appear surprizing, if we compare the two 
following facts : the first is, that the magnet never attracts 
iron, but when in its metallic state ; and that it has no ac- 
tion on this metal when calcined, or reduced to the state of 
an oxyde : the second is, that iron is universally difTused 
throughout nature, and in almost all bodies, more or less 
distant from its metallic state, as will be seen hereafter. 
Bodies which contain it in its metallic state, are all, or in 
part susceptible of being attracted by the magnet, without 
any preparation : hut in others, it is not susceptible of at- 
traction till it has been burnt with fat matters, which re- 
store it to its metallic state. Such is the only cause of the 
phenomenon which seems to have embarrassed Muschen* 
broek. It would have occasinned no difficulty, had b»- 
been as well acquainted with chemistry, as with the other 
branches of philosophy. 

An English navigator says, he observed that grease, 
which happened to fall on the glass of a mariner's com- 
pass, disturbed the magnetic needle, and that brass pro- 
duced the same effect. If this observation be correct, we 
must coDclude, that the tallow and brass accidentally cots 
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tained some ferruginous particles ; for in our opinion it 
may be considered as certain, that iron alone, in its me- 
tallic state, has the power of acting on the magnet, and is 
susceptible of being attracted by it. 

EXPERIMENT V. 

The Direction of the Magnetic Current. 

. Place an unarmed magnet on a piece of pasteboard, and 
throw iron filings around it : if you then tap gently on the 
pasteboard, you will see all the filings arrange themselves 
around the niagnet, in curved lines, which, approaching 
each other like the meridians in a map of the world, meet 
al: its two poles. 

This experiment favours the opinion of those who think 
that the magnetic phenomena depend on a fluid, which 
issues from one of the poles of the stone, and enters at the 
other, after having circulated around it. 

EXPERIMENT VI. 

Which proves that the magnet and iron have a Mutual Ac», 

iion on each other. 

Place two magnets, or a magnet and a piece of iron, on 
two bits of cork, made to float in a bason of water. Hav- 
ing then turned the north pole of the one towards the 
south pole of the other, provided two magnets are em- 
ployed, if the two pieces of cork be left to themselves, you 
will see them proceed towards each other ; the weaker 
moving faster than the other. The case will be the same^ 
if a bit of iron be presented to the north pole of the mag- 
net. This attraction then is reciprocal ; and it may be 
said that the iron attracts the magnet, as much as the mag- 
net does the iron. This indeed must necessarily be the 
case, since there is no action without re-action, and as the 
latter is always equal to the former. 

Remark.— Muscbenbroek endeavoured to determine in 

VOL, IV. B 
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what ratio the action of the magnet decreases, according 
to the distance; and he thought he observed, that its at- 
tractive force decreased in the quadruple ratio, or as the 
4th powers of the distances. Thus, if at a line distance, 
a particle of iron is iittracted with a force equal to 1 ; at 2 
lines distance, that force will be 16 times less; at 3 lines, 
8 1 times less ; at 4 lines, 256 times less ; and so of the rest. 
This action perhaps decreases still more rapidly ; for in a 
ship of war laden with large iron cannon, it is not observed 
that they have a sensible action on the compass. In our 
opinion however, it would be prudent to remove them to 
as great a distance as possible. 

5 II- 

Of ihe Comjnunication of the Magnetic Property, 
Magnetism, or the property of attracting iron, and of 
turning towards a certain point of the heavens, is not so 
peculiar to the magnet, as to be incapable of being conv- 
municated ; but no bodies have yet been found susceptible 
«f tbis communication, except iron and steel. About a 
century ago it was believed that contact atone, or the con- 
tinued presence of a magnet, could produce this effect; 
but a method iias since been discovered, to render a piece 
of iron magnetic, without the magnet; and these artificial 
magnets are even susceptible of acquiring a strength rareljr 
found in natural magnets. We shall give an account, in 
the following experiments, of the different methods of 
commuoicating the magnetic virtue. 

EXPERIMENT VIT. 

Method of Magnetising. 

Provide a magnet, either armed or unarmed, and make 

one of the feet of the armour, or one of the poles, to pass 

over a pUte of tempered steel, such as the blade of a knife, 

but proceeding always in the same direction, from tbe 
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tniddle, for example, towards the point. After perform* 
ing this operation a certain number of times, the plate of 
iron will be found to be magnetised, and, like the magnet 
itself, it will attract iron, if placed within the sphere of its 
attraction. 

The case will be the same, if a long slender bit of steel 
be left a long time attached to a magnet : the steel, by re- 
maining in that situation, will acquire the magnetic pro^ 
perty ; it will have poles like the magnet, so that the north 
pole will be at the end which was near the south pole of 
the stone, and the end which touched the north pole will 
become the south pole. 

EXPERIMENT VIII. 

Method qf making an Artificial Magnet with bars qf steel. 

We shall here show the method of making, with bars of 
steel, an artificial magnet, much stronger than a natural 
one. For this purpose, provide 12 bars of tempered steel, 
about 6 inches in length, 6 lines in breadth, and 2 in thick- 
ness. Care must be taken, before they are tempered, to 
make a mark with a punch, or in any other manner, at one 
of their extremities. Arrange six of these bars in a straight 
line^ but so as to be in contact, and that the marked ends 
dhall be directed towards the north ; take an armed mag^ 
net, and place it on one of these bars, with its north pole 
towards the marked end, and the south pole towards the 
other end ; then move the stone over the whole line, begin- 
ning at the unmarked end of the firsts and repeat this 
operation three or four times. 

When this is done, remove the two bars in the middle, 
and substitute them for those at the two extremities, which 
must be placed in the middle ; then move the stone in the 
same direction over the four bars in the middle only; for 
it is needless to comprehend those at the extremities ; and 

r2 
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invert the whole line, that is to say turn up the face which 
was turned dowowards, and magnetise the bars again in the 
same manner, taking care to transpose the bars at the ex- 
tremities into the place of the middle ones. 

By these means, you will have sis magnetised bars» 
which must be formed into two parcels, each containing 
three. In tliese parcels, the northern extremities must be 
towards the same side, but when the one parcel is placed 
upon the other, care must be taken that the northern ex- 
tremities of the bars of the one may rest Upon the south 
extremities of those of the other. These two parcels must 
touch at their upper part, and be separated on the other 
side ; this separation may be effected by means of a bit of 
wood placed between them- 

Then place the six bars which were not touched in the 
same manner as the preceding six, and magnetise them as 
above described, by means of the double parcel of the 
former j that is to say, by drawing the two extremities 
north and south of this double parcel over the new series 
of bars: you will thus have six bari much more strongly 
magnetised than the former. Then make a line of the six 
former, and magnetise them in the same manner with the 
double parcel formed of the second, according to the same 
method, and you will obtain bars of steel capable of sup- 
porting 16 times their weight, and more. 

This is the process of Mr. Michell, fellow of the Royal 
Society of London. Mr. Canton, a celebrated observer of 
the phenomena of the magnet, has given a method of 
effecting the same thing, and M. Duhamel, of the Academy 
of Sciences, another, which may be seen in a small treatise 
on Artificial Magnets, printed in 1115. We shall say 
' nothing further on this subject, but only remark, thai by 
these processes, the weakest commencement of mag- 
netism is sufficient to produce magnetic bars of the great- 
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tst force. It is not even necessary to have a magnet; for, 
in the following experiment, we shall describe various 
methods of communicating magnetism without one. 

EXPERIMENT IX. 

To produce the magnetic virtue in a bar of iron , without the 

use of a magnet» 

To propose communicating the magnetic virtue with- 
out the use of a magnet is, no doubt, a âort of paradox. 
This however has been effected in consequence of some 
theoretic considerations in regard to the nature of the 
magnet, and the manner in which the magnetic fluid acts 
on iron. A magnet therefore is not necessary to produce 
the commencement of magnetism, which may be after- 
wards increased to a considerable degree by the process 
before explained. 

Canton, Mitchell, and Antheaume, have given different 
methods for magnetising without a magnet. According 
to Mr. Canton, take ajpoker, and having plaèed it between 
your knees, in a vertical direction, vnth the point down* 
wards, affix lengthwise to its upper part, by means of a 
àSk thread, a small plate of soft tempered steel ; then 
holding this apparatus in the left hand by the silk thread, 
take a pair of tongs, and, holding them almost vertically, 
rob the small bar from the bottom upwards, about a dozen 
of times, with the lower end of them : by these means 
you will communicate to it a magnetic force, capable of 
ttiaking it support a small key. 

Mr. Mitchell employed another method. Place, says 
Be^ a small bar of steel in a straight line between two iron 
BlEirs, in the direction of the magnetic meridian, and in 
sbch a manner, that they shall be somewhat incliiled to» 
wards the north : then take a third bar, and holding it 
almost vertically,' but With the upper extreoAty a' little 
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inclined towards the south, glide the lower extremity or' 
this bar along the three other bars situated in a straight 
line, taking care to muke it move from north to south: 
the result will be a commencement of the magnetic virtue 
in the bar of steel. 

M. Antheaume's method is as follows: First fix a board 
in the direction of the magnetic current ; that is, inclined 
at an angle of about 70 degrees towards the horizon, so 
that its horizontal projection shall make one of about 20 
degrees. Then place in a. line, on that board, two square 
bars of iron, four or five feet in length, or even more, and 
]5 lines in thickness; they must be filed square at the 
extremities which are opposite to each other. Each of 
these extremities must be furnished with a small square of 
iron plate, two lines in thickness, so as to project be.j'ond 
the upper face of the bar the height of a line, and filed 
square on that side, to form above the bar a kind of knee. 
The three other sides of this square of iron plate must 
shghtly touch the corresponding faces, and be cut into a 
bevel. In the last place, a small bit of wood must be 
placed between the arming of the extremities of these two 
bars. 

When .every thing is thus arranged, glide the bar of 
Bteel to be magnetised, over the two knees above described, 
by making it move gently from one of its ends to the 
other, as an iron bar is magnetised, on the two knees of 
its arming. M, Antheaume says, he was surprised to find 
that he could magnetise by this method, not only small bars 
of steel, as Messrs. Canton and Michell did, but bars of a 
foot in length, and several lines in thickness. 

The same philosopher says, he observed that steel de 
carme, or à la rose, and English steel, are the 6ttest for 
this purpose; that the operation succeeds best with the 
first kind, when tempered hard in the usual manner, and 
that English steel requires to be tempered in bundles; 
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lastly, that if steel tempered and annealed be employed, 
the temper is a matter of indifference. 

Remark. — Even the rubbing of one piece of iron over 
another is not necessary to produce the magnetic virtue. 
It has been observed that a bar of iron, kept for a long 
time in the direction of the meridian, or in a situation 
nearly approaching to it, acquires the magnetic virtue. 
The steeple of Notre Dame de Chartres having been con- 
siderably damaged by a great storm in 1690, some bars of 
iron taken from it were found to be magnetic. Bat, what 
is still more remarkable, pieces of these bars, which were 
almost destroyed by rust, formed excellent magnets. The 
Abbé de Vallemont wrote at that time an account of thern^ 
which was published in 1692. 

Gilbert, an English physician and philosopher, who 
wrote a treatise on the magnet, in 1640, had then observed 
that the small bars of an iron window frame, placed north 
and south, which had remained many years in the same 
position, were become magnetic. He relates also*, that 
the wind having bent an iron bar which supported an 
ornament on the chiitch of St. Augustine, at Rimini, when- 
the monks belonging to it were desirous, ten years after, 
to straighten this bar, they were much surprised to find 
that it possessed all the properties of a good magnet. 
Muschenbroek speaks of a similar circumstance, in regard 
to some pieces of iron taken from the tower of Delft. We 
read also in the Memoirs of the Academy of Sciences, for 
the year 1731, that there was at Marseilles a bell which 
moved on an iron axis, standing in an east and west direc- 
tion, and resting with its two ends on stone ; that the rust 
of these ends mixing with the dust rubbed from the stone, 
and with the oil used to facilitate its motion, formed to- 
gether a hard and heavy mass, which when detached was 

^ Book in. chap. 13. 
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foand to possess all the properties of the magnet. It» 
believed that this bell had «xistcd in that situation 400' 
years. 

Gilbert observes also, that if a bar of iron, placed nortb 
and south, be brought to a red heal in a forge, and ba 
then beat on the anvil in the same position, it will acquire 
the maguetic virtue; and that if this virtue be not it», 
mediately sensible, it will become so by repeating the 
operation. But it is to be observed, that for this purpose 
the length of the iron must be 100 or 150 times its diameter. 
The case is the same with a bar of iron, if it be heated, 
and then cooled in the direction of the meridian. 

The following conjecture of this philosopher, however, 
has not been verified. He says that if a spherical form be 
given to a magnet, and if its two poles be at the c^itremities 
of a diameter; this spherical magnet, when placed in 
complete equilibrium, and suspended on its poles, will 
turn round its axis in 24 hours : for as the earth, adds he,, 
is but a large magnet, it must have a similar motion. Thit 
would have been a pretty strong proof of the motion of, 
the earth, at least around its asis ; but M. Petit, an indn»>i 
trious philosopher of the last century, having taken tbe. 
trouble to make the experiment proposed by Gilbert, tbe 
small magnetic globe remained perfectly motionless. This 
does not however prevent the motion of the earth from 
being certain, and it may even be considered as a large 
magnet, though Father Grandamy concluded, from the 
failure of Gilbert's experiment, that the earth was motian< 
less, , 
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ARTICLE III. 

Ofi/ie Direction of the magnet; and of its Declination and 

Variation. 

EXPERIMENT X. 

To find the Direction of the magnet. 

Having found the poles of a magnet, if you place it on 
a small bit of cork, and make the cork to float on water, 
it will always place itself in one direction. 

The case will be the same with a magnetic needle made 
to float on water by the same means, or suspended on a 
fine pivot, so as to be at full liberty to move: it will 
always assume the same direction. 

To make a needle place itself north and south, nt is not 
even necessary that it should be magnetised. When ex- 
ceedingly light, and perfectly free to move, it spontane- 
ously assumes that direction. 

If a very slender common needle be made to float on the 
surface of water in a state of perfect rest, at the end of 
some hours it will be found in the same direction as that 
suddenly assumed by the magnetic needle. 

The direction, according to which a needle, whether 
magnetised or not, arranges itself, is called the magnetic 
meridian^ and must be carefully distinguished from the 
terrestrial or true meridian ; for we shall soon show that, 
ID general, they form an angle with each other. Philo- 
sophers agree, almost unanimously, in thinking that this 
property of the magnet is produced by a current of a 
particular fluid, surrounding the earth, and which, passing 
through the magnet lengthwise, or from one pole to the 
other, makes it assume its proper direction. 
• What is very singular is, that not only the magnetic 
meridian, in almost all places of the earth, is difierent from 
tiiie terrestrial meridian ; declining sometimes to the east 
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and sometimes to the we&t ; but that this declination varies 
annually, as is proved by the following experiments. 

EXPERIMENT XI. 

If a magnetic needle he suspended on a pivot, in the 
direction of a meridian line, traced out with great care, 
and at a distance from any iron, you will generally find 
that the direction it takes will form an angle with the me- 
ridian. In n70, for example, it was at Paris 19° 55' west. 

If the experiment be repeated some years after, it will 
be found that this angle is not the same ; but that it has 
increased or decreased. In 1150, for example, it was at 
Paris IT 15' west; in nSo It was observed to be 18° 45'; 
in mo 19° 55', or even 20 degrees and some minutes. 
And, at London, in 1800, it was about 22° Stf ; while it is 
now, in 1813, about 24° 17'. 

Remark. — In the greater part of our continent, as well 
as in all North America, except that part of it which is 
nearest the Gulph of Mexico, the declination is at present 
west, and goes on continually increasing. In all North 
America and all the Gulph of Mexico, as well as part of 
the Pacific Ocean, between the tropics, and on the southern 
coast, the declination is east, and goes on continually de* 
creasing. 

The celebrated Dr. Halley, having taken the trouble to 
collect a prodigious number of observations, made by 
different navigators, published in 1700 a very curions 
chart, in which he connected, by lines, all those places of 
the earth where the declination of the magnetic needle 
vas the same. It is there seen, for example, that the liqe 
on which the magnetic needle in 1700 had no declination, 
divided nearly the southern part of the Atlantic Ocean, 
and cut the equator towards the first degree of longitude, 
or at its intersection with the first meridian; it thence 
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proceeded in a curved line to New England, and, travers- 
ing New Mexico and California, stretched to the north of 
the Pacific Ocean. In all probability it reached Asia, 
then passed to the north of Tartary, and proceeding 
through China, traversed New Holland. On the south 
and west of this line, the declination was east; on the 
north and east it was west. 

By other observations, made at a later period, it ap- 
peared that this line was displaced ; and that it had in 
some manner a motion towards the south-west, changing 
a little its form. According to those observations collected 
by Messrs. Mountain and Dodson, of the Royal Society, 
it traversed, in 1744, the middle of the Atlantic Ocean, 
nearly intersected the equator towards the 12th degree of 
longitude, to the east of the first meridian ; proceeded 
thence to the middle of Florida, and passing nearly along 
the coast of Louisiana, it traversed Old Mexico, from 
which it extended to the point of California, then to the 
north of the Pacific Ocean, and intersected the first me- 
ridian towards the 44th degree of north latitude ; from 
which it turned southwards, and traversed Japan, the 
largest of the Philippines, the kingdoms of Pegu and Ar- 
racan, and formed a point on the east near the island of 
Ceylon. It then returned, and traversing the Moluccas, 
proceeded in a curved line towards the south pole, leaving 
New Holland on the west. Such was the position of this 
line in 1744 ; and thence we may determine nearly its 
present position. 

Dr. Halley's chart exhibited also the line which joined 
all the points where the declination was 5^ to the east or 
the west; those where it was 10°, 15°, &c. It is observed, 
at present, that they have all had a motion nearly similar 
to that of the line without declination. 

Dr. Halley's object, in this painful labour, was not mere 
curiosity ; he intended these charts to be employed in de*- 
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termining the longitude at sea. If an accurate chart of 
these lines of declination were indeed constructed, it is 
evident that, by observing the latitude and the real de- 
clination of the compass, the precise point of the earth, 
where the observation was made, would be determined. 
Let us suppose, for example, that the declination has been 
observed in the Atlantic Ocean, to be 7°^ west, the latitude 
being 32 north. It is evident, in this case, that the ship's 
place will be the point where the parallel of 32' north, 
intersects the line of 7°J declination. Nothing then would 
remain, but to improve the means of determining the de- 
clination with great exactness, which is a thing not im- 
postiible. 

It is to be regretted that we have no old observations of 
the declination of the magnetic needle. The reason of 
this no doubt is, that the declination was not properly 
ascertained by philosophers, tiii towards the end of the 
i6th century. It is seen however, by the observations 
which have been made, that at Paris, at London, and in 
great part of Germany, the declination formerly was east; 
for in 1580 it was found at Paris to be 1 1° 30' east. After 
that time it decreased till 1 666, when it vanished entirely; 
it then became west, increasing continually in that direc- 
tion ; for in 1670 it was observed to be 1" 30', in 1680 to 
be 2° 40', in 1701 to be 8° 25', in 1770 it was observed to 
be within a few minutes of 20^. The Royal Society of 
London recorded their annual observations of the magnetic 
needle for many.years; and it is a great pity that they 
afterwards discontinued such useful observations ; bat 
Iteve lately resumed them agûn. 

But what is the cause of the nu^etic declination î on 
this subject we shall offer the following conjectures. 
Messrs. de la Hire, senior and junior, made a curious ex- 
periment, which may serve to throw some light on the 
cause of this phenomenon. They took a very large mag- 
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net, and having given it a globular form as nearly as 
possible, they sought for its poles, which were found ex- 
actly at the extremities of a diameter; and then they 
traced out on it its equator, and twelve meridian^. On this 
magnetic globe, which was about a foot in diameter, and 
which weighed nearly a hundred pounds, they applied a 
magnetic needle, and observed that there were places 
where it declined towards the west, and others where it 
had no declination, and which formed one or two continued 
lines on the surface, as Dr. Halley had determined on the 
surface of the earth, though of a form absolutely different. 

It is more probable, says the historian of the Academy, 
that the cause of the declination observed on the magnetic 
globe was merely the inequality of its contexture, and of 
the magnetic force of its different parts. There is reason 
also to conjecture that the earth, being a large magnet, or 
at least a globe containing in its bosom large magnetic 
masses, it is the unequal distribution of these masses that 
occasions on its surface the variety of the direction of the 
magnetic needle. But there is this difference, that in the 
bowels of the earth new masses are continually generated ; 
whereas the magnet of Messrs. de la Hire experienced 
nothing of the kind. Hence it happens that, on the sur- 
face of the earth, the direction of the magnet is variable ; 
while on the surface of the magnetic globe it was necessary 
that it should be constant. 

It must however be allowed, that in this explanation, it 
is difficult to assign a reason, why, for two centuries, at 
least, the line without declination has been seen to move 
constantly from east to west. Effects arising from causes 
so variable as the destruction and generatioii of masses in 
the bosom of the earth ought to experience greater irregu- 
larities, and the progress of the magnetic needle ought to 
be sometimes east and sometimes west. 

Dr. Halley proposed a physical hypothesis, to account 
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for the variety in the magnetic declination. He supposed 
two fixed magnetic poles, and two nioveal)le, in certain 
positions. But tliia hypothesis has been simplified by 
Albert Euler, in a curious memoir, which may be seen in 
the Transactions of the Academy of Berlin for the year 
1757. Euler supposes only two magnetic poles, one at 
14* 53' from the north pole "of the earlh, and the other 29 
23' from the south pole. The meridian in which the 
former is situated passes through the 258th degree of 
longitude, and that of the second through the 303il. He 
then assumes, as a principle, that the magnetic needle 
always ranges itself in the plane passing through the two 
magnetic poles and the place of observation ; and he de- 
termines, by calculation, the inclination of that plane to 
the meridian, in the different places of the earth. By 
(Deans of these data, calculation gives, with great exact- 
ness, the quantity of. the dechnation observed of late years, 
and the position of the lines of declination, as they were 
found by Messrs. Moantain and Dodson, for 1714, at least 
in the Atlantic Ocean ; for Albert Euler is obliged to con- 
sider as false the position given to the line of declination, 
in the north part of the Pacific Ocean, by those members 
of the Royai Society, and what he says on this subject is 
highly probable. 

It may be easily conceived, that by making these poles 
to vary, the lines of declination will vary also, and that 
according as they approach or recede from each other, 
they may change their form, as has indeed been observed. 

Mr. Canton, a member of the Royal Society of London, 
discovered some years ago a new motion of the magnetic 
needJe, wbjch is founded on the following experiment. 

EXPERIMENT XII, 

Diurnal Fariation of the magnet. 
Provide a pretty large magnetic needle, 12 or 15 inches 
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in length, and nicely suspended. It must be surrounded 
by a circle^ the centre of which is the point of suspension^ 
divided into degrees, and half degrees, or quarters, at 
least in that part of its circumference which is opposite to 
the point of the needle. The whole apparatus must be 
covered in such a manner, as to prevent it from being 
subject to any impression from the air. 

f this needle be observed at different hours of the day, 
it will be founfl that it is scarcely ever at rest. According 
to Mr. Canton, the declination will be greatest in the 
morning, and least in the evening : about noon it will be 
a mean between these two extremes. He assigns also a 
very probable reason, which is as follows : 

It is a fact proved by experience, that a magnet, when 
heated, loses a little of its force. But as the eastern parts 
of the earth have noon when the sun rises to us, it is at 
that time, or nearly so, that they are most heated. The 
magnetic needle, the direction of which is, in all probabi- 
lity, an effect compounded of the attraction of all the 
magnetic parts of the earth, will at sun rise be a little less 
impelled towards the east, than if the sun were not on 
that side ; consequently it will yield to the action of the 
western parts, and will turn a httle more towards that 
side. Mr. Canton even renders this explanation sensible^ 
by means of two magnets, each of which is heated alter- 
nately. 

But, whatever truth there may be in this explanation, 
tbe phenomenon is now well known; and meteorologists 
do not fail to observe, afc different times, the declination of 
the magnetic needle, which often varies between morning 
and night, 20' and more*. 

« Sec TrM de MéUorok^ du P. Cette, 
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§111. 

Of the Inclination or Dip of the magnetic needle. 

EXPERIMENT XIII. 

/ 

To observe the Inclination of the magnet. 

If the needle of a compass, not yet magnetised, be 
placed in perfect equilibrium on its pivot, so as to reaiain 
parallel to the horizon ; and then be touched with a mag- 
net, it will lose this equilibrium, and will dip its northern 
extremity below the horizon. 

This experiment is well known to those who construct 
compasses ; for after the needle is magnetised, they are 
obliged to file the heavier end till it be in equilibrium 
with the other. The same effect might be produced by 
loading the other end with a small weight, and it would 
even be of advantage if this weight were moveable; for 
as the inclination is variable, different forces are required 
to form an equilibrium to the effort made by the needle to 
dip. It is therefore necessary to add a small weight to 
one of the ends of the needle, according to the different 
positions of tHe ship, in order that it may remain perfectly 
horizontal. 

^* EXPERIMENT XIV. 

To observe the Inclination of the magnetic needle. 

Provide a magnetic needle, made of very straight steel 
wire, terminating in a point at each extremity. The 
middle of it must be flattened, and fbrmed into a smaB 
circle, having its centre in a Une with the two points of 
the needle. ^ piece of very fine steel wire passing 
through this circle, in a perpendicular direction, must 
serve it as a pivot; so that when suspended horizontally 
in two holes, made in two vertical plates of brass, it may 
be indifferent to every position, and remain in equilibrium 
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in any situation whatever. These two plates must be 
affixed to the edge of a brass band, bent into a circular 
ferai, and of a diameter somewhat greater than the length 
of the needle, the pivots of which will be in the centre. 
This brass circle must be suspended in a ring, and one of 
its diameters must be placed in a vertical direction. Divide 
the inside of it into degrees, and quarters of a degree, if 
possible, but in such a manner that the division beginning 
with zero, at ^he extremities of the horizontal diameter, 
may end with 90 degrees at the extremities of the vertical 
diameter. The position of this diameter may be ascer- 
tained by means of a wire and plummet, suspended from 
its upper extremity, and which must pass through the 
lower extremity, that it may be in its true position. 
. Provide also a wooden stand in the form of an oblong 
paralielopipedon, in the upper part of which let there be 
a circular hollow proper for lodging the instrument in the 
direction of its length. In the last place, there must be a 
small wedge, for the purpose of being placed under this 
stand, till the plane of the instrument, or that passed over 
by the needle in its motion, shall be exactly vertical. 

When the needle has been magnetised, apply to the two 
sides of the instrument, in grooves made for that purpose, 
two circular pieces of glass, to preserve the needle and its 
pivots from the contact of the exterior air, and from 
moisture, which is hurtful to magnetism. 

By the description of this instrument, it may be readily 
seen, that it must be disposed in a vertical situation, either 
by suspetiding it or placing it on its supporter, which may 
be easily done by means of the wire and plummet. 

The plane of the instrument also, or that passed over 
iy the needle, must be in the plane of the magnetic me- 
ndian. For this purpose, lay the instrument flat on a 
lorizontal table; the needle, when it stops, will indicate 
lie magnetic meridian ; then draw on the table a line in 
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that direction, and make the long side of the supporter 
coincide witli it. By means of tlie small wedge and the 
plumb line, it may then be adjusted in the proper position. 
The needle, after very long vibrations, will at length stop, 
and indicate by its point the number of degrees it is 
distant from the plane of tbe horizon, which will give the 
inclination or dip desired. 

By these means it is found that the inclination at Paris 
is at present {viz, 1 790) 72 degrees, and at London, in 
1808, it was 70° 1'. 

Hemakks — I. Though the construction of such an in- 
strument does not seem difficult, it is shown by experi- 
ence that it requires a peculiar kind of skill and dexterity, 
which few possess. Unless the instrument indeed be per- 
fect, the magnetic needle does not recover its position 
when displaced, or when the instrument is turned in a 
contrary direction ; that is, in such a manner that tbe 
plane which looked towards the east may look towards 
the west. 

IT. The inclination of the magnetic needle is no les^^ 
variable than its declination. It is observed that it 'i=^ 
different in diderent parts of the earth ; but it is erroneou^^ 
to suppose, as some philosophers in the last century dick. , 
that it has any relation to the latitude. It is observed, fc^^x- 
example, that it is at Paris at present IV 25' North. 

At Lima, about 18° South, 

At Quito, about 1^" S. 

At Buenos-Ayres, about 60^i S. 

At the Isle of France, 52°^ North. 
This is sufficient to destroy the idea that it has the lea» « 
relation to the latitude. 

As observations of the inclination are considered to b^ 
of no utility in navigation, it needs excite no astonishroeat 
that we have so few. Besides, it is much more difficult at 
sea to observe the inclination, than the decUnaûon. oiiao | 
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count of the rolling of the ship. Father Feaillée however 
made a considerable number of them, during his voyages 
in Europe and America ; but, according to all appear- 
ance, they are only within a few degrees of the truth, ft 
is nevertheless to be wished that these observations were 
more numerous ; for though, on the first view, they do 
not seem of great utility, they may become so hereafter. 
Let us not cease to accumulate facts, though in appear- 
ance useless. Some unexpected light often arises from an 
observation long considered to be frivolous, and unirn* 
portant. 

ni. We may remark also, that the motion of the mag- 
letic needle experiences very singular variations on the 
approach, or by the effect of, igneous metors. A needle 
has been deprived of its magnetic property by thunder, 
or even magnetised in a contrary direction. The Aurora 
bcrealis seems also to have a very sensible action on the 
omgnetic needle ; but for farther information on this sub- 
ject, we must refer to Father Cotte*s Traite de Météorologie^ 

ARTICLE IV. 

Cff certain means proposed for fleecing the magnetic needle 
^om its declination^ or for making compasses without 
declination. 

It would be so great an advantage to have compasses 

Iiicfa should point exactly to the north, that the attempts 

âule to devise combinations to destroy the declination of 

the needle need excite no surprise; but unfortunately these 

BB^^empts have hitherto been fruitless, and in our opinion 

^irt.!! always be so. They however deserve to be known, 

*f«Te it only to guard our readers against the illusions of 

^ose who imagine that they have solved this problem. 

One of these inventions is described by Muschenbroek. 
It consists in combining» for a determinate place, two 
^^dedles of equal force, in such a manner, that the one may 
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decline on tTie one side, and the other on the other side, 
from the magnetic meridian by a quantity equal to the 
dechnation. Thus, one of them will decline double and 
the other mil! be exactly in the meridian. Let us suppose, 
for example, that the declination is 20 degrees to the west, 
as it was at Paris in 1770. If two magnetic needles of 
the same force be suspended on the same pivot, foraiin^ 
together an angle of 40 degrees ; it is evident that neither 
of them being able to place itself in the magnetic meridiao, 
they will equally decline from it : thns the one will decline 
20 degrees to the ivest of that meridian, or 40 degrees 
from that of the earth ; consequently, the other needle 
will necessarily be in the meridian, and will hare no 
declination. 

It is astonishing that any one ahotild imagine that b 
combination of magnetic needles, capable of making one 
of them coincide with the terrestrial meridian, could be 
obtained in this manner. It may be readily seen, that 
these two needles, if of equal force, will always arrange 
themselves in such a manner, that the magnetic meridian 
will divide into two eqwal parts the angle com|)rehended 
between them. Thus, if we suppose that the magtietic 
.meridian, instead of declining 20 degre'es from the terres- 
trial meridian, declines only 10 degrees to the west, one of 
the needles will be carried 20 degrees more to the west; 
consequently will have 30 degrees of declination. At the 
same time therefore the other needle will be carried 10 
degrees from the meridian towards the east. 

The last translator of Pliny has given a method, nearly 
similar, for annihilating the dechnation, and which differs 
in nothing from that of Muschenbroek, except that one 
of the needles must be larger than the other. But Mus- 
chenbroek had before proposed and analysed this com- 
bination of two unequal needles, and it appeared to bim 
as uulikely to succeed as the other. It is opposed indeed 
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by the same, or by similar reasons, and nothing can rest 
on slighter grounds, than the physical theory by which 
the author alluded to appears to have been guided ; for he 
seems to think, that the cause of the declination, is a sort 
of weakness in the needle, which does not permit it to 
reach the north. This is an idea not only void of founda- 
tion, but even incompatible with the most probable theory 
of the magnetic motion: for as the magnetic needle, which 
during the first half of the 17th century declined to the 
east, afterwards approached the north, and passed it, to 
proceed to the west, it would be necessary to say that it 
was sick ; since it was cured about 1660, and that it after- 
wards got diseased in a contrary direction. We cannot 
therefore sufficiently wonder at the precipitation of some 
journalists and some authors, who hastened to announce, 
with the greatest eulogiums, this pretended discovery, as 
likely to chantée the face of navigation. Unfortunately, 
nothing could be more chimerical ; and a better acquaint- 
ance with the magnetic phenomena would have preserved ' 
both from this error. 

We have seen formerly at Paris a Genoese pilot, named 
Mandillo, who pretended to have found another combina- 
tion of magnetic needles, proper for correcting the dè- 
cUnation. He placed two needles of equal force above 
each other, but in such a manner that each of them had 
fall liberty to move ; he then brought them together, for 
Paris we shall suppose, so that their deviation was double 
the inclination observed ; for in this position they would 
each diverge by the effect of the repulsion of their poles 
or points of the same denomination, and sç much the 
more as they were brought nearer to each other. By 
these means, one of the needles, as in the preceding 
process, was carried to the meridian. But the sieur Man- 
dillo pretended that this would every where be the case^ 
which is evidently false; for the deviation of the two 
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needles being the effect of the repulsion of the two pole 
of the same name, this repulsion, and consequently th< 
deviation, will be the same, whatever be the angle of tlitS 
magnetic meridian with the terrestQa! meridiai); othef'^^ 
wise we must suppose that this repulsion decreases a 
same time as the declination, which is impossible. This 
objection we mentioned to Mandillo; hut to no purpose. 
A man wlio imagines he has found the means of correct- 
ing the declination of the magnetic needle, or has dis- 
covered the solution of the problem of the longitude, is as 
obstinate in his opinions, as. he who thinks he has found the 
quadrature of the circle. 

We shall here mention an idea of M. de la Hire on this 
subject. It was founded on a belief of his having dis- 
covered, that the poles of a natural magnet bad changed 
their place, as the magnetic poles of the earth had done at 
the same time. He thence conceived the idea of mag- 
netising steel rings, presuming that their poles would 
change in the same manner. But it may be readily seen 
that in this case, the line maiked originally north and 
south on the ring would remain motionless, and would 
always indicate the real north. This principle however 
has been found to be false; and even if true, the conse- 
quence deduced from it by M. de la Hire did not neces- 
sarily follow, 

ARTlCLi; V. 

Of certain Tricks which may he performed by »; 



9 of the 



For some years past, the properties of the magnet have 
been employed to jjcrform several tricks, which excited a 
considerable degree of astonishment in those who first be- 
held them. No means indeed more secret, and at the 
lame time more proper for action, could be employed than 
magnetism ; since its influence is stopped by no body 
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«with which we are acquainted, except iron. This idea 
was first conceived by the celebrated Comus, who varied 
in a singular manner the different tricks performed by this 
agent ; so that all Paris flocked with the utmost eagerness 
to the places where they were exhibited. He was admired 
by the ignorant, who considered him as a sorcerer, while 
the learned endeavoured to discover the artifice, which 
however was a profound secret, as long as no one sus- 
pected magnetism to be the principal cause of it* 

We shall here endeavour to give an idea of some of 
these tricks, as they will form a fund of rational amuse- 
ment to those who know how to perform them. 

§. I. 

Construction of a Magic Telescope. 

Those who exhibit these tricks often employ a pre* 
tended magic telescope, by means of which one can see, 
k is saidy through opake bodies. It is nothing «Ise than 
an instrument in the form of a telescope, at the bottom of 
which, that is towards the object glass, there is a magnetic 
needle, which assumes its proper direction, when the tele* 
scope is placed upon the side which that object glass 
forms. 

To construct this telescope, provide a turned tube of 
ivory, wider towards the end where the object glass is 
placed ; but the ivory must be of sufficient thinness to 
admit the light through to the inside. The narrow end is 
furnished with an eye glass, which serves to show more 
distinctly the inside of it. The other end also is fur- 
nished with a glass, which has the appearance only of an 
object glass, the posterior surface of it being opake, so as 
to serve for the base or bottom of a sort of compass or 
magnetic needle, which turns on a pivot fixed in its 
centre. When the telescope rests on the end containing 
the object glass, this needle assumes a horizontal position^ 



and points towards tlie nortli, or towards a magnetic 
needle in thu neighbourhood. It is necessary ulso to 
have a real telescope, similar in appearance to the other, 
ill order that it may be shown instead of it, which may 
be done by dexterously substituting the one for tiie 
other. 

When you wish to employ the pretended magic tele- 
scope, place it with the object glass downwards upon any 
thing you intend Co examine, and if there be a magnet, or 
piece of magnetised iron below it, the needle will turn to 
that side. 



Several Jigur es being given, which a person has arranged 

close to each olher in a bo^, to tell through the lid or caver 

what number ihejjform. 

If you are desirous of employing the ten cyphers, take 
ten small squares, of an inch and a half on each side, and 
on the upper face of each make a groove; but let these 
grooves be in different directions ; that is lo say, the first 
intended for tiie number 1 must proceed directly Irom the 
top to the bottom; tbe second must deviate to the right, 
so as to form an angle equal to a tenth part of the circum- 
ference; the third an angle of two tenths ; and so of the 
rest ; which will give ten different positions. Then intro* 
duce into these grooves small bars of steel, well magnetised, 
taking care to turn their north poles to the proper direct 
tion ; cover these grooves and the face of the squares with 
. strong paper, in order to conceal the bars. You inutt also 
provide a narroiv box, capable of containing in its breaddi 
one of these squares, and of such a length that they csa 
all be arranged in it. 

Then desire a person in your absence to take several of 
these squares, and arrange them in the box in any manner, 
at pleasure, so as to form any number whatever, and to 
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shut the box; after which you are to tell the number 
which has been formed. 

Deposit your pretended telescope on the place of the 
first square, that is on the left, if the figure below it be 
unity ; the needle will turn in such a manner that the north 
point or pole will be before you. If the figure be 4, it 
will turn to the fourth division of the circle, which is 
eqùaJly divided into ten parts ; and so of the rest. It will 
thence be easy to discover the figure in each place, and 
consequently to tell it. 

A word written in secret, with given characters, may be 
discovered in the same manner ; also an anagram, formed 
of a proposed word, as Boma, which gives amor y mora, 
orma, maro^ &c ; or a question which has been selected 
firom several persons, and put into the box. In short, this 
trick may be varied in a' great many ways, exceedingly 
agreeable, but all depending on the same principle. 

The box of metals, for example, is only a similar varia- 
tion of the same trick. You put six plates of different 
metals in a box, and bid a person take any one of them, 
dxsà put it into another box, and shut it. You may then 
easily tell which one he has taken. These plates are of 
such a form, that they can occupy in the small box only 
one position. Each of them, that of iron excepted, con- 
tains in its thickness a magnetic bar, arranged in situations 
which are known, and these situations are discovered by 
means of the pretended magic telescope ; consequently 
tbe nature of the metal must be known. No magnetic 
bar is placed in the plate of iron, because this would be 
useless; but one side of the plate may be magnetised, or 
if it be not magnetised, the indeterminate direction of tbe 
needle will announce that it is iron. 
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The Learned Fly^ or the Syren. ^■ 

This trick is somewhat more complex than the preced- 
ing, and depends partly an philosophical principles, and 
partly on a little deception. You must provide a table, 
with a box sunk in its thicliness, and the box must be fur- 
nished with a broad briin, inscribed with numbers, the 
hours of the day, or answers to certain questions. You 
theu desire a person to poi nt out a number, or to name any 
hour in the day, or to ask what o'clock it is, or to select 
any one of certain questions written upon cards which yoii 
present to him. A fly, a syren, or a swan, floating in 
water, indicates, in their order, the figures of this number, 
or answers the question proposed. 

All this is performed by means of a strongly magnetised 
bar, supported by a brasscircle, concealed in the rim of the 
bason, which contains the water. It is evident that if the 
motion, necessary to point out the Jetters, or numbers re- 
quired for the answer, can be given to this bar, the fly or 
syren, placed on a small boat containing another magnetic 
bar, will proceed towards it, and appear to answer the 
question. Such are the philosophical principles of this 
trick, the deception Is as fullows. 

The table, which is some inches in thickness, is hollow, 
and the cavity contains a certain mechanism put In motion 
by a string, which, passing through the feet of the table, 
traverses the floor, and is conveyed into a neighbouring 
apartment, separated from that where the trick is exhibit- 
ed, only by a very slight partition. This string termimtes 
in a sort of table, on which are marked the divisions of the 
bason ; and the whole is combined in such a manner, that 
when the end of the string is brought opposite to a cer- 
tùn figure, such as i for example, the magnetic bar will 
be under the 4, inscribed on the edge of the vessel. 
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When the syren then is desired to tell what o'clock it 
is; the person behind the partition^ and who hears the 
question, has nothing to do but to puli the string, and to 
bring the end of it opposite to the required hour on the 
table, which is before him. The magnetic bar will ar- 
range itself below, and the tractable syren, beginning to 
move, will go and point out the hour. 

If a question has been selected ; the person who exijibits 
the trick repeats it under a pretence of interrogating the 
syren. The confederate, who hears it, causes the magnetic 
bar to move to the answer. 

It would not be difficult to establish between both a se* 
Gret communication of such a nature, that, without speak- 
ing, the syren should aj)pear to guess the question, and to 
give an answer to it. 

The principal works on 'the magnet are, A treatise dc 
Magnete by Gilbert, an English philosopher, printed in 
1633 : it contains traces of that spirit of observation which 
has since caused philosophy to make so great a progress. 
The Ars Magnetica of Kircher : this is a kind of encyclo- 
paedia of every thing written before the author's time on 
that subject, enlarged by a great many of his own ideas, 
the greater part of which however display more imagina- 
tion than judgment. The Magnetohgia of Father Leo- 
tbaud, 1668, in 4to: a work of very little importance. 
Father Scarella's treatise, entitled de Magnete^ in four 
Tolames, quarto, printed at Brescia, in 1759, may supply 
the place of all the preceding, as it contains a comprçhen- 
Mve account of every thing useful or solid, said or written 
on the magnet, till that period ; to which the author, a 
very enlightened philosopher, has added his own ideas. 
7he small treatise on Artificial Magnets, translated from 
the English, with an historical preface by the translator, 
'will make the reader fully acquainted with that part of the 
theory of the magnet ; or, in want of it, recourse may be 
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bad to the Alemoire sur [es Aiviants artificiels, by M. An- 
theaume, which gained the prize proposetf hy the academy 
of Petersburg in nsS. Several papers also by M. Dutour, 
inserted in the Mémoires presenth à VÀcademie, par da 
Sçavans étrangers, deserve to be known, and to be studied, 
by those who may be desirous of cultivating and enlarging 
this theory. 



MATHEMATICAL 



AND 



PHILOSOPHICAL 



RECREATIONS. 



PART THIRTEENTH. 

Of Ekctridly. 

Electricity is an almost inexhaustible source of 
singular and surprising phenomena^ which must excite the 
curiosity of the most indifferent observer of nature. What 
indeed can be more extraordinary, and at the same time 
more difficult to be reconciled with the known laws of 
natural philosophy, than to see mere friction excite, in 
certain substances, the power of attracting and repelling 
such light bodies as are near them ; to see this power com- 
municated, by contact to other bodies, and even to very 
great distances ; to see fire issue from a body in that state ; 
and a thousand other phenomena, the enumeration of which 
would be too tedious f We shall mention only the famous' 
experiment of Leyden, where a rank of persons, holding 
each other by the hands, or having a communication by 
means of an iron wire, or rod^ suddenly receive from an^ 
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invisible agent an internal commotion, which might even 
be so violent as to kill those who experience it. 

It must however be allowed, that the case has not yet 
been the same with electricity as with magnetism. The 
latter, by the invention of tlic magnetic needle, has served 
to render navigation more secure, and to discover the new 
world, a source of new riches, new wants, and of new evih 
to the old one. But electricity has not yet produced any 
thing of so much importance to mankind, and to the arts, 
if we except the analogy now fuliy proved between the 
electric fire and lightening: an analogy which bas given 
rise to a pretty sure preservative from the effects of that 
dreadful meteor; for in regard to the cures effected by 
electricity, it must be acknowledged that they are either 
rare, or not well ascertained. 

But we must not treat all researches on this subject as 
useless; for when we consider the phenomena exhibited 
by electricity, we cannot help allowing that it is one of the 
most general and most powerful agents in nature. Is it 
possible to deny, that the identity of the electric fire and 
lightening is a uoble and grand discovery ? What can we 
say of a multitude of other analogies observed between 
electricity and magnetism, the nervous fluid, the principle 
of vegetation, &c. They seem to promise a copious harvest 
to those who shall continue to cultivate ibis fertile field. 



Of the Nature of Eleclrwily. And the distinction between 
bodies Electric bi/ Friction or by Communication, 
Electricity is a property which certain bodies acriuire by 
friction, that is to say the power of attracting or repelling 
light bodies which may be near them. If you rub, for ex- 
ample, a stick of Spanish wax, with your hand, or rather 
with a piece of cloth, and then make the wax pass withia 
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ft few lines of small bits of paper or straw, you will see 
Ibem rush towards the wax and adhere to it, as if cement- 
ed, until the virtue acquired by the friction is dissipated. 
The ancients had observed that yellow amber, when rub- 
bed in this manner, attracted light bodies : hence the name 
of electricity; for they called that substance electrum. But 
&ieir observations went no farther. 

The moderns have found the same property in a great 
nany other bodies ; such as grey amber, and in general in 
lU resins, which can bear a certain degree of friction, with» 
vxt becoming soft ; as sulphur, wax, jet, glass, the dia- 
mond, crystal, the greater part. of the precious stones, 
âlk, woollen, the hair of animals, and very dry wood. 

In regard to bodies which do not acquire electricity by 
inction, it has been observed that they can acquire it by 
communication ; that is to say^by contact, or by being 
irought very near to those of the first species ; and that 
bey can transmit it, by the same means, to other bodies 
tf the same nature. Those bodies, which cannot be ren- 
kred electric by friction, are metals, and water, either 
iquid or congealed * ; also earthy and animal bodies. 
)ut we must observe that, properly speaking, metals and 
he aqueous fluid are the only true conductors of elec- 
ricity ; and that the rest are not so, unless they partici- 
late in the metallic nature, or contain more or less 
Qoisture. Electricity seems even to prefer the metallic 
»odies^ for transmitting itself from one body to another. 
f you place a body then of the latter kind, such as a metal 
od, or a piece of moist wood, in the neighbourhood of a 
ody, or in contact with a body of the first kind, electrified 
J friction, and with précautions to be mentioned herd- 

* It has since been observed that glass heated till it becomes red or more, 
od flame, are conductors of electricity. On the other hand water, which 
t its sute of fluidity is a conductor of electricity, ceases tQ Iw so when 
longly froien. 
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after, it will itself become electric ; which may be readily 
seen by the motion it will communicate to light bodies in 
its neighbourhood. 

All bodies then are susceptible of being electric, but in 
two different ways: one kind are in some measure electric 
of themselves, as thai virtue can be excited in them by 
friction ; for this reason they are called electric per se: the 
other kind are electric. only by communication, and for this 
reason they are commuidy called electric by communica- 
tion, or jwn electric; but it would be better to call them 
conductors of electricity : and tiiis is the appellation wliich 
we shdil most frequently employ. 

It may be here proper to observe, that those of the first 
class are not susceptible of receiving electricity by com- 
munication, or they receive it in that manner with diffi- 
culty. Hence it happens that, in the experiments we are 
about to describe, the bodies to be elcctri6ed by communi- 
cation, must be placed either on cakes of resin, or be sus- 
pended by silk strings; otberwise the electricity produced 
in them would be immediately dissipated, by the contact 
of bodies susceptible of being electrified by communica- 
tion, with which they niiglit be io contact. 

§"• 
Descrytiion of the Electric Machine, and of the apparatui 
necessary for performing Electrical Experimenis. 
When philosophers began to cultirate the theory of 
electricity, they employed nothing for the purpose of ex- 
citing it but a glass tube, about 3 inches in diameter, and* 
from 25 to 30 inches in length. It was rubbed lengthwise 
»nd in the same direction, with the bare hand provided it 
was very dry, or wrapped up in a bit of fiannel or cloth ; 
ami this tube was afierwiirds presented to tlie body in- 
ten.leil to be electrified. It was in this manner that Gray 
and Uufay made t.ieir first experiments. 
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' A globe suspended between two wooden pillars, wbich 
was made to revolve rapidly by means of a handle or wheel, 
was afterwards substituted instead of this tube: the dry band 
was applied to the globe thus arranged, or it was made to 
mb against a cushion : this operation excited the elec- 
j^rjeity, which was collected as we may say by means of a 
pt^lic fringe suspended from the globe, or disposed in 
imne other manner. 

' These machines were succeeded by one much simpler. 
^ cpnsists of a foot or stand a, pi. 7 fig. 40, upon wbich 
ire raised two uprights, b and c, secured and united at 
ibe top by means of the circular piece n. These uprights 
l|i|8t be of a greater or less height, according to the dia« 
neter of the circular glass plate e, placed between them ; 
br the edge of the plate must not approach too near thq 
wooden frame, either at the top or the bottom. 

This circular plate of glass e, is the most essential part 
if Ifae machine. It has a hole in the centre, of sufficient 
\$e to admit a steel axis, which turns in the two support- 
rs, and towards the side c, is continued outwards, where 
: terminates in a square extremity, fitted into a handle, 
^bicb serves to turn the plate. 

jLe^tlier cushions, stufi'ed with hair, are applied to thp 
Importers on each side, both at the top and bottom i sp 
lat the glass plate, as it revolves, is rubbed by the cushions 
> th» distance of some inches ft-om its edge. 
On the longitudinal part of the stand is placed a con- 
wo^QTf supported by a glass foot in the form of a column» 
Us conductor is a copper cylinder, terminating at one 
id in a ball 6, of the same metal, and having at the other 
|d, two arms bent almost in a semicircular form. At tb|e 
;tremities of these arms are two hemispherical figures, h 
id I., which present to the glass plate their circular bases^ 
mished with four sharp steel spikes, all of the sapae 
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length. The foot of the conductor can be made to ad- 
vance or recede on the bottom part of the machine, which 
supports it, in such a manner that the before mentioned 
spikes can be brought nea.rer to, or removed from the sur- 
face of the glass plate; for it is these spikes, as will be 
seen hereafter, that attract the electric fluid, excited or pwt 
in motion by the friction of the small cushions on the ciiv 
cular glass plate. 

When you are desirous of producing electricity ; place 
the machine on a firm table, and make it fast by means of 
screws ; then fix the conductor in such a manner, that the 
spikes may approach very near to the glass plate, and put 
the latter in motion by turning the handle. Theconductor 
will almost immediately exhibit signs of electricity, either 
by emitting sparks on the linger being applied to it, or by 
attracting and repelling light bodies placed near it, 

Rf.makks. — Some other instruments are necessary for 
electric exj^riments: but ive shall here mention those 
only which are commonly used, reserving the description 
of the rest, till we come to speuk of the different experi- 
ments in which they are necessary. 

I. You must be provided with a few stoDls, either square 
or circular, covered with resin, about 15 or 18 inches iti 
'breadth; and, the better to ensure the effect, they may 
be made to rest on four glass bottles or feet. These 
stools serve to insulate the persons or bodies intended to 
be electrified. 

IT. As it is sometimes dangerous to draw out the elec- 
tricity by the finger, it will be proper to hare an instni- 
ment, called the discharger, which is a circular piece of 
metal, pi. 7 fig. 41, affixed by the middle to a. handle, 
made of glass or Spanish wax ; but the first is preferable 
and stronger. By touching bodies, electrified in the 
highest degree, with one of the halls of this instrument, 
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vparks may be extracted from them without danger; be- 
cause the glass handle intercepts the passage of the elec- 
tricity, from the discharger to the person who holds it. 

III. You must have also a chain of metal, or of several 
pieces of wire connected together. This chain serves for 
transmitting the electricity to a distance from the first con- 
factor, HGi; which is done by suspending it from silk 
eords, attached to the ceiling, or extending it between two 
mpporters. ' 

jy. It will be proper to provide likewise a long tube of 
■etal, or of gilt [msteboard, three or four inches in dia- 
Bèter. This tube, having a communication with the con- 
hictor by means of a chain, forms a second conductor, 
fhich becomes charged with a great deal of electricity, 
lod may be employed in a variety of experiments. The 
0nger and larger this tube is, the greater will be the 
{uantity of electricity with which it will be charged. For 
«asons which will be mentioned hereafter, it is necessary 
bat it should have no points or sharp eminences. 

V. A few glass plates are also necessary, to insulate 
hose bodies which may be required to retain their elec-* 
ricity. 

JVI, You must provide likewise a few pieces of metal, 
Mue pointed and others terminating in spherical or round 
Dds ; some affixed to glass handles, and others furnished 
ith handles of some substance that transmits electricity, 
i before mentioned. 

VII. The cushions mnst be occasionally rubbed over 
ith a kind of amalgam, which serves to increase the fric- 
on. That which appears to answer best, is an amalgam 
F tin and mercury, such as that placed at the back of 
lirrors, mixed with one half of chalk or Spanish whiten- 
(gp, the whole reduced to an impalpable powder. 
,8uch are the principal parts of the apparatus neces- 
ly for the most common electric experiments; to which 
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M soon as tiiey bave toucha it, they will be repelled. If 
jrou then receive them on a non-electric body, as soon as 
they touch it, they will return towards the electrified body^ 
ind will be again repelled; and so on alternately. 

EXPERIMENT IV. 

Same Electric AmtLsevients^ founded on the preceding pro^ 
perty» The Gold Fish; the Electric Dance; the Im^ 
tninaus Rain. 

The property which electric bodies have of repelling 
ftck other, when in that state, and of attracting each 
fther when one of them only is electrified, has given rise 
several very agreeable amusements, which we shall hçr^ 
xplain* 

h Cut a piece of strong gold leaf into tlie form of a 
bombus, two opposite angles of which may be very ob- 
lige, while the other two are very acute. Present thi^ 
letallic leaf to the conductor, in such a manner that onç 
f the acute angles shall be first raised, and immediately 
Dt below it a metallic plate. You will then see the les^ 
bee itself between the conductor and the plate, and rç- 
lain in that state almost motionless. 

Cut leaves of metal of this kind into the shape of diç 
iman figure, having an acute angle at the top, lil^e a 
Wited cap, and lay them flat on the plate : if you thea 
ace them below the conductor, on another plate, you 
til see them start up, leap towards the conductor, then 
U down, turning round with more or less rapidity, so as 

represent a kind of dance ; and if the experiment be 
grformed in the dark, you will observe luminous aigrettes 
jrt alternately from the head and the feet, which will 
m a very agreeable spectacle. 

IL Cut a piece of the same gold leaf into a figure very 
Ofib lengthened on one side, but on the other much less 
Ute ; to this part if you choose you may give the form 
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of the head of* a. fish. If you lay hold of it by the aciitÂ 
angle, and present the obtuse one to the conductor, at th« 
distance of a foot, if the electricity be strong, it will escape 
from your fingers, and will fly with an undulating mutibit 
towards the conductor, above which it will pluce itself at 
the distance of the eighth part of an inch, turning towards 
it the obtuse angle. Sometimes it will approach so near 
as to come into contact with it, and will be immediately 
repelled, forming the representation of a Small fish going 
to attack or bite the conductor. This amusement tbcre> 
fore has been called the Goldfish. 

Ill, The luminous rain may be produced in the follow' 
îng manner. Suspend from the conductor a circular plate, 
5 or 6 inches in diameter ; then provide a metallic plate 
hi the form of a saucer, and surround the edge of it with a 
glass cylinder 5 or 6 inches in height. Cover this plate * 
ivith very fine light shavings of metal, and place it under 
the plate suspended from the conductor. When the latter 
is strongly electrified, you will see all these small leaves o^ I 
metal ascend from the lower to the upper pbte, anti 
sparine ; being then repelled to the lower one, they v 
aoain sparkle, or will sparkle between the plates, whet^l 
one which is electrified meets with one not electrified : bty-« 
these means the glass cylinder will be filled with a greaiW 
deal of light, which will exhibit the appearance of a shon'c 
of fire. 

- ' EXPERIMENT V. 

Sxpuision between bodies equalU/ electnfied. 
Suspend from the extremity of the conductor 'tvd 
threads of any non-electric matter; such as flax, hemp, 
or cotton, which will hang down perpendicularly, and 
touch' each other, if their upper extremities are in contaQ 
It you then work the machine, and produce electricitfi 
the conductor and these threads, you will see them rejf 
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each other, and form an angle of greater extent as the 
electricity is stronger. When the electricity decreases, 
they will approach each other. 

This experiment proves a very important fact in the 
theory of electricity ; which is, that two bodies, similarly 
electrified, repel each other : aiid hence we are enabled to 
explain several electric phenomena and amusements. 
* 

EXPERIMENT VI. 

Construction of an Electrometer. 

By the preceding experiment we are furnished with the 
means of determining the strength of electricity ; and the 
two threads, above mentioned, may be considered as a sort 
of electrometer. However, as two threads of this kind 
may be subject to various movements, independent of 
electricity, electricians have almost universally adopted 
the following instrument, which is equally simple. 

The whole of this machine consists of two small balls, 
two lines in diameter, made of cork or the pith of the elder 
tree, and fixed to the two extremities of a thread capable 
of conducting electricity. This thread is made to pass 
over the conductor in such a manner, that the two balls 
hang at the same height. As soon as electricity is pror 
juced in the conductor, and consequently in the ^mall 
balls, they diverge irotn each other, and the magnitude of 
Ibe angle formed by the threads will convey some idea of 
the intensity of the electricity. We say conveys an idea 
of this intensity ; for it is not possible, either by this or 
way other method, with which we are acquainted, to de- 
iermine when the electricity is double, triple, or qua- 
druple, 8cc ; but we are at least enabled to conclude, that 
que degree of electricity is greater or less than another ; 
çr that two degrees of electricity are equal, according as 
the divergency of the balls is greater or less or the same, 
^hich in general is all that is necessary to be known. 
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EXPEHIMEST VU. 

To kindle spirit of wine by means of the electric sparlc. 

When a person is electrified, if another standing on the 
floor approaches him, having in hh hand 3 spoon filled 
with spirit of wine, well dephlegmated, and somewhat 
heated ; and if the electrified person presents his finger to 
the spirit of wine, or, what is still better, the point of 
some blunt instrument, or the point of a sword, an elec- 
tric spark will proceed from the liquor, and set it on fire. 

If the painful sensation produced by the electric spark 
could leave any doubt of its being real tire, this experi- 
ment must be a convincing proof of it. 

ËXPEKIMENT vni. 

Properties of Sharp Points or Spikes, 

Instead of a conductor, such as that above described, if 
you employ an angular bar of metal, or a bar terminating 
in one or more points ; on approaching your finger to one 
of the angles or points, when the machine is put in motion, 
but not in such a manner as to produce an electric spark, 
' you will feel something exhaled like a gentle breath of 
wind, and even with a sort of crackling noise. 

But, if the experiment be performed in the dark, yoa 
^ill en^y a very beautiful spectacle ; for when the elec 
tricity is strong, you will see Jumioous gerbes issue from 
the angles of the conductor, and these gerbes will be coo- 
sid era biy Increased on presenting your finger to them. 

Yob will discover, at the same time, that the caus«,af 
this gentle breath, accompanied with noise, is nothing else 
than the eruption of the electric fluid, whatever it may be^ 
from the electrified body, which rushes towards your 
finger. Hence it follows that it is a body, since it re-acti 
against another body. 

It is to be observed, that when the electrified body is 
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angular, it loses much sooner the electricity which has been 
communicated to it. These angles and points seem to be 
so many spontaneous dischargers of the electric matter ; 
they ought therefore to be avoided in bodies intended to 
he electrified) and in which you are desirous to maintain 
the electricity as long as possible. 

EXPERIMENT IX. 

Difference between Pointed, and Blunt bodies. 

Electrify strongly in the dark a common conductor, or 
any other body whatever, not angular, and when it is 
Krongly charged, present to it a blunt body, such as the 
Bnger or a spike rounded at the end, holding it so near it 
18 to elicit the electric spark. But if you present to it a 
pery sharp instrument or spike, you will see a luminous 
itar formed at the extremity of it, even before it is brought 
%o near; and if the electrified body does not every moment 
tieceive a fresh supply of electricity, it will thus soon be 
ieprived of it. 

If this spike be supported by a cake of resin, it will it- 
.elf become electrified ; but the electricity of the conductor 
vill not be entirely destroyed. 

It appears from this experiment, that if the luminous 

fcrbes in the preceding one are formed by a matter which 

lows off from the electrified body, the case in the present 

dstance is contrary : they are formed by a matter which 

fasows itself towards the point presented to the electrified 

•Wjr. What indeed can be said when we observe a non- 

^iectrified body become so by this method ; but that the elec- 

flte matter, fire, or fluid, whatever it be, proceeds from the 

*^trified body to another, especially as it is certain that 

*E*- former thereby loses either the whole or a part of its 

"^"^tricity, accoVding to circumstances, that is to say, ac- 

^^'«ling as the other stands on the floor or is insulated ? 

.^Tit however this may be, the following is a singular and 
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remarkable property of pointed bodies. The extraordinary 
use which Dr. Franklin made of it will be shown hereafter 

EXPEBIMENT X. 

Method of ktiowing wliether a body be in a state of elec» 

tricity. 

When two bodies are equally electrified, if they be 
brought into contact with each other, no sign of elec- 
tricity will be manifested between them, by sparks or any 
electric emanation. 

This may be easily proved ; for if a person electrified 
by touching the conductor gives his hand to another elec* 
trified in the same manner, there will be no spark. 
. These two persons however may know that they are 
electrified by the following sign. Let each of them take 
in his hand a thread, made of any non-electric substance^ 
or a cork ball suspended from such a thread ; if these two 
balls or two threads repel each other, it may be concluded 
that the persons are in an electric state. 

EXPERIMENT XI, 

Distinction between the Two Kinds of electricity. 

Provide two electric machines, one of them constructed 
as they were formerly, that is, with a glass globe, and the 
other with a globe of sulphur instead of glass : if a con- 
ductor be then electrified by each of them at one of its 
ends, you will see with astonishment, if the machines are 
moved with equal velocity, that scarcely any sparks can be 
extracted from the conductor. 

The case certainly would not be the same, if the con- 
ductor were electrified by means of two glass globes at the 
same time, or with two globes of sulphur ; the sparks 
would be much stronger than if one globe had been put 
in motion. 

Remark. — ^This experiment, which Dr. Franklin savs 
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fae inade at the request of his friend Mr. Kinnersley, seems 
to me to leave no doubt in regard to the difference between 
electricity communicated by glass, and that communicated 
by sulphur ; and consequently establishes the distinction of 
vitreous and sulphureous or resinous electricity ; a distinc- 
tion before asserted by Dufay. 

Dufay indeed had observed, that though two bodies 
electrified by glass or sulphur mutually repelled each 
other, yet when one of them was electrified by the one of 
these substances, and the other by the other, instead of 
repelling, they attracted each other. We do not think 
that any stronger proof of the two states can be desiried. 

If to this be added the above experiment of Dr. Frank- 
lin, how can we elude the consequence which he and 
Dufay deduce from it? For, it is well known that two 
bodies equally electrified by a glass globe may touch 
each other without producing a spark, and without thb 
electrical virtue being diminished in either of them. Smce 
these bodies then electrified, one by the glass and the 
other by the sulphur, mutually destroy each other's elec- 
tricity, the one must be of a nature contrary to the other, 
and entirely difierent. 

Some able philosophers however, notwithstanding these 

reasons, persist in rejecting this distinction ; but in our 

lOpioionthey labour under the influence of prejudice, or, 

Jbeing seduced by peculiar ideas, keep their eyes shut 

.ttgainst the light. We are inclined to think, that if the 

. itbbé NoUet had not previously formed his system, on elec- 

4tricity, he would have adopted the distinction of the two 

kinds. 

However, as this is the proper place, we shall here give 

CLnidea of Dr. Franklin's system in regard to electricity. 

'^lAccprding to this celebrated philosopher, all bodies in 

::^ ^lieir natural state contain in their substance, or on their 

Surface, a certain quantity of a fluid, which is the electric 
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fluid. Tlie air, which when dry is not 3. jconductor of elec- 
tricity, prevents its dispersion. But the friction of cer- 
tain bodies, glass for example, collects on the surface of 
them a greater quantity of the fluid ; so that if the glass 
be in contact, or very near to a body electric by communi- 
cation, such as a mass of iron, the fluid accumulated on the 
surface of the glass tends to pass into the mass of iron, in 
order to preserve an equilibrium. By the=e means this 
mass acquires a greater quantity of the electric fluid, and 
is then clcctrifled positivdjj. But if the electric body in- 
stead of acquiring by friction a greater quantity of the 
electric fluid, loses some of what it had, as is the case with 
sulphur, the body in contact withit will lose apart of its own 
natural electricity, and will then be electrified negatively. 
The one will have more electric fluid than it has in its 
natural state, and that of all the bodies which have a com- 
municution with the earth ; the other will have less, Sucli 
is the iiature of positive and negative electricity. 

It must however be allowed, that it does not clearly ap- 
pear how friction should accuniuhte on the surface of the 
rubbed body, a greater quantity of the electric fluid. It 
is not even known whether the effect of friction is to ac- 
cumulate tbe fluid on the glass, or to diminish the quantity 
of it; whether it lessens it on sulphur and resins, or ior 
creases it.' Hence it is uncertain which is the positive and 
i^ich the negative electricity; but we know beyond s 
doubt, that their effects are contrary, and this b sufficient. 
Several reasons however make it probable, that the elec- 
tricity, produced by the friction of glass, is the potilive^ 
or accumulated electricity. 

Notwithstanding this uncertainty, Franklin's theory faas - 
a great advantiige over that of the abbé NoUel. The lat- - 
ter supposes a matter diffused throughout all bodies, and - 
even in the atmosphere, which with all other electricians — 
he calls the electric jUlid. In this he agrees with Dr. Frank— 
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lin ; but he thinks the efiect of friction is to make this fluid 
sometimes issue from the pores of the body rubbed, and 
sometimes to attract it. Electricity therefore, or the 
electric fluid, is sometimes effbienty and sometimes affiur 
tnt; and it is by means of this effluence or affluence that 
this philosopher explains all the phenomena of electricity. 
But the great defect of this system is, that every thing in 
it is, as we may say, arbitrary. What cannot be explained 
by the affluent fluid, may be explained by the effluent. 
These are the different matters of Descartes, or his subtile 
matter, which- may be applied to every thipg. On the 
other hand, in the system of Franklin, the effects are much 
better connected with the causes, even supposing them 
hypothetical. Why does a spark issue when a body, posi- 
tively or negatively electrified, is brought near to another 
which is in its natural state? The answer is easy. The 
electric fluid accumulated on the one side, and extended 
in the foroi of an atmosphere, as it were, on the surface of 
a body, puts itself in equilibrium, when it comes in con- 
tact with another electric atmosphere less condensed : the 
fluid divides itself equally between the two bodies ; which 
cannot be done without an exceedingly rapid movement 
that produces light. But what is most remarkable in the 
hypothesis of Franklin, and is almost the touchstone of 
truth, is, that even the bare description of the simplest 
experiment, to those who have properly comprehended 
this hypothesis, is sufficient to enable them immediately to 
^ess the result. The case is not the same with the system 
a the abbé NoUet : none of the effects about to be pro- 
luced are foreseen, and if every thing be explained, it is 
>iE9cause no eflect is connected with its cause. Had the 
ahenoixœnon been quite contrary, it might have been ex- 
ikiQed with the same ease : effluence could be employed 
iBtead of affluence, one is the remedy or supplement of 
be other. 
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We must however acknowledge, that there are some 
facts difficult to be reconciled with the motion of the elec- 
tric fluid, which is a necessary consequence of Franklin's 
system. 

For example, when the finger is brought near to a body, 
electrified either positively or negatively, why do we see 
a double spark proceed from each of these bodies? It 
would appear that it ought to proceed only from that 
which is endowed with positive electricity. 

In a certain experiment, in which a quire of paper is 
pierced by the electric spark, why is the rough edge of 
the hole turned in a direction contrary to that in which it 
ought to be, if the fluid accumulated on the surface of the 
electrified body were the only one that proceeded to the 
body negatively electrified ? We shall omit several others, 
which have been remarked by the partisans of the abbe 
NoIIet, and only observe that there is still reason to sus- 
pend our opinion on the mechanism of this phenomenon. 

EXPERIMENT XII. 

The Leyden Flask, and Shock. 

There is not perhaps in natural philosophy a pheno- 
menon more astonishing than that which we are about to 
describe. Provide a flask of very thin white glass, with along 
neck, and fill about two thirds of it with water, or metallic 
filings, or raspings of lead. Close it with a cork stopper, 
and introduce into it through the cork, an iron wire, so as 
to be immersed with one end in the water or filings, while 
the other projects some inches beyond the cork, and ter- 
minates in a blunt or crooked extremity. 

When the flask is thus prepared, lay hold of it by the 
belly, and present the iron wire to the conductor of the 
electrifying machine while in action. By these means the 
flask will be charged. While the wire is in contact with 
the conductor, if you then endeavour to touch the latter. 
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•t)r the iron wire, with the other hand, you will experience 
throughout your whole body a violent shock, which will 
seem to affect more particularly, sometimes your breast, 
sometimes your shoulders, and sometimes your arm or 
' wrist. 

The same effect will be experienced if you retire, hold- 
ing the bottle by the belly with one hand, and touch the 
iron wire with the other. 

' Nay, a chain may be formed of as many persons as you 
choose, holding each other by the hand, and without being 
insulated. The first person holds the bottle in his hand, 
or only touches it, while the iron wire is in contact with 
the conductor; and the last touches the conductor: all 
those who form the chain will experience the before- 
mentioned shock at the same instant. When the flask is 
of considerable size, and has been well charged, the shock 
is sometimes so violent, that those subjected to it suffer a 
momentary-loss of respiration. The celebrated Muschen- 
broek, to whom M. Cuneus exhibited this phenomenon, 
which he had discovered by accident, received, according 
to every appearance, a violent shock, since in announcing 
it to the French philosophers, he protested that he would 
not expose himself to it a second time, for the whole king- 
dom of France. It is however probable that he afterwards 
became bolder. As this singular experiment was first per- 
Forroed at Leyden, it is generally called the Leyden ex- 
triment J and the bottle, so prepared, is distinguished by 
he name of the Leyden flask or phiaL 

The French philosophers once formed a chain 900 toises 
n length, by means of 200 persons, all connected by iron 
nrires; and all these persons experienced the shock at the 
lame instant. Another time they tried to transmit the 
bock along an iron wire 2000 toises in length, and the 
)xperiment succeeded, though the wire passed over the 
ret grassj and newly ploughed land. In short, they com- 



f88 ËLECTRICAL SXTEBIMENTS. 

prehended in the chain tlte water in the grand bason □! 
the Ttiilleries, which is nearly an acre in extent, and the 
shock was transmitted very well across it. 

Remarks. — 1. As some inconvenience resulted from the 
weight of the water or filings, put at first into the flask, 
the idea was afterwards conceived of covering the inside 
of it with a metallic coating. This may be done in several 
ways. The most simple is to pour into the bottle strong 
gum water, and to moisten with it the part intended to 
be coated. The superfluous gum water is then poured 
out, and very fine copper filings are put into the bottle; 
these filings adhere to ihe gum water, and form an internal 
coating, which must he in contact with the iron wire, that 
the bottle may be cliarged. 

The effect of the Lcyden flask may be increased also 
by covering a great part of the ontside of it with tin-foil. 

II. The Bask may be charged in another manner, that 
is to say, externally. For this purpose, hold it suspended 
ill the one hand by the book or iron wire on the outside, 
and bring the inside into contact with the electrified con- 
ductor. If it be then touched on the outside with the 
other hand, you will experience a shock. You may form, , 
in like manner, a chain of several persons, the last oC^S 
whom, or the one farthest distant from the person wh( 
holds the iron wire, by touching the outside of it, 
produce the same phenomenon throughout the wbol^»-^ 
chain. 

III. Dr. Franklin obserred the following very lin^iilii i iiir 
circumstance, which ukes place in performing the Le)tder^^n 
experiment : if you are desirous of charging the tuude ^^»-= «f 
the jar or flask, the outside must conmunicate with aeni^imimae 
body which is a conductor of electricity; for if the Qa^s—sk 
be placed on a cake of resin, it will be in vain to elect ri f' y , 
by the conductor of the machine, the wire which toucla^fô 
the water or metallic coating in the inside : the flask v^'j/J 
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ifot become charged. Is it necessary, before it can be 
eharged, that in proportion as the electricity is accumu- 
lated on one side, it should be diminished on the other? 
I'his is the conclusion which Dr^ Franklin forms, and 
#hich appears indeed to be agreeable to reason. But how 
b it that the electric fluid is expelled from one side, while 
the other becomes more highly charged with it ? This 
appears to us to be a considerable difficulty. 

IV. The jar seems to be impermeable to electricity, at 
least when cold, or when it has only the temperature of 
the atmosphere. Dr. Franklin once tried to grind away 
fte belly of a charged flask, which was of the usual thick- 
ntesà. He ground down 1^ of its thickness,- without its 
>eing discharged, which would have been the case if the 
loid in the inside had communicated with that on the outside, 
it is to be wished that this philosopher had continued to 
Kminish the thickness, until a discharge had taken place. 

But when the glass is dilated and softened by a heat 
rliich brings it nearly to a state of fusion^ it then not only 
lecomes a conductor of electricity, but the charged jar 
iîscbarges itself spontaneously. 

V. If a chain, suspended from the conductor, be intro- 
ùced into the flask while held in the hand, it becomes 
barged in the like manner ; but if the flask be lowered in 
ich a manner, as no longer to support any portion of the 
bain, it then gives no more signs of electricity. 

There is reason thence to conclude that the electricity, 
ith which the inside of the bottle is charged, ought to 
ive for its support some non-electric matter, or a con- 
actor of electricity. It would be in vain to attempt to 
karge an empty bottle, or a bottle not covered in the 
side with a metallic coating. 

VI. If the inside of the bottle be charged, making it 
Anmunicate by the hooked wire with a conductor posi- 
irely electrified, the outside will then be negatively 

VOL. m. ' u 
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electrified; for the outside will attract the small ball of 
cork suspended from the conductor, while the hook of the 
flask repels It. But it is well knoivn that an electrified 
body repels another electrified like itself; it attracts only 
bodies not electrified, or electrified in a contrary sense. 
Snce the outside of the bottle then, electrified by the hook, 
attracts the sm^ill ball of cork, the electricity of which is 
of the same nature as that of the conductor, or of the in- 
side of the jar, the exterior electricity must be of a nature 
entirely different. 

VII. If you' have two^ equal fiasks, equally charged, and 
in the same manner, and if you then bring them near to 
each other, so as that the liooks or the sides of them be in 
contact, they will not be discharged ; but if you apply the 
hook of the one to the side of the other, a discharge will 
immediately take place. 

If one of the flasks be charged by a globe of sulphur, and 
the other by a globe of glass, if the hook of the one be 
then made to approach the hook of the other, or the side 
of tlic one tiie side of the other, they will be discharged. 

VIII. If several persons, instead of holding each others 
by the hands, present to each other the tips of their fingen^^ 
at the distance of one or two lines, at the moment wbeca 
the last toucheij the conductor, you will observe betweema 
all the fingers an electric spark, and each will experience 
a shock. 

IX. If the persons, instead of holding each other by ttse 
bands,- form a communication with each other by holdic^g 
glass tubes filled with water, and stopped with a eaek^ 
through which passes an iron wire immersed in the âuïd^ 
and which is in contact with each person, at the moment 
when the last person touches the conductor, or the wire 
immersed in the flask, you will perceive a train of lig 
the water in each tube, which will be wholly illuminatecf 
by it. 
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X. The chain being forfnedj- if one or two or more 
persons form a new one, connected on one side with those 
jirho form the first chain, and on the other side with atïother 
lierson of the same chain", those of the latter will experi- 
ence nothing; the eleétric fluid seems to proceed from 
ène end to the other of the first chain^ by the shortest 
route. 

EXPERIMENT XIII. 

another method of giving the shocks namelj/, hy an electric 
: p(ine of glass* To pierce a quire of paper by the electric 
spark. 

Does thé singular effect observed in the preceding ex- 

i^riment depend on the figure of the Ley den jar, or merely 

m the nature of the glass i This question, which naturally 

ccurs, is answered by the following experiment: it prove» 

hat the effect alluded to depends entirely on the nature 

i the glass. 

Take a pane of glass of any dimen'sions,'and cover both 

ides of it with tin-foil, leaving on each side a border of 

le glass uncovered ; place the glass horizontally on a 

on^lectric svippofter, and make thé chain of the con- 

uctor to fall oh its surface. If you then put the maichine 

; motion, the glass will become charged like the Leyden 

isk; that is, if resting one side of the discharger on the 

pper surface, the other be applied to the lower one, you 

ill extract a strong and powerful spark. If the glass be 

rge, it will be dangerous to touch onç of the surfaces 

ith the one hand, and the other with the other. 

Xf you are desirous to pierce a quire of paper with the 

rCtric spark, you must proceed as follows. Extend a 

Bîce of iron wire on a table, and place over it the pane 

glass, so that the end of the wire shall touch the coating 

the lower side : on the upper coating place a quire of 

per y then electrify the upper surface by means of the 

tj2 
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chain of the conductor, which must be made to fall Upon 
it. When you think the electricity is very strong, bring 
one of the ends of the discharger into contact with the 
wire, and apply the other end to the paper. A very 
strong spark will issue from it, with a noise like the report 
of a pistol ; and the quire of paper will be pierced through 
and through é 

If the experiment be made with a piece of glass of about 
35 inches square, 150 sheets of paper, and even more, may 
thus be pierced. 

This method of performing the Leyden experiment is 
attended with the advantage of greatly increasing its e£Rect; 
for the surface of the largest flask can contain no more 
than two or three square feet. But a plate of glass, S6 
inches in every direction, contains 9 square feet, and the 
effect is thereby increased in the same proportion. 

It may be easily seen, that, in performing this experi- 
ment, you must take care not to stand in the circle be- 
tween the upper and lower surface, otherwise you might 
run the danger of being killed. 

EXPERIMENT XIV. 

Means of increasing ^ as it were indefinitely^ the Farce of 
electricity. — The Electric Battery. 

A single flask, charged with electricity, does not pro- 
duce a very great eSect ; but this effect is increased ac- 
cording as the volume of the jar is augmented. It would 
however be inconvenient, and perhaps impossible, to ob« 
tain jars beyond a certain size ; for this reason several jars 
have been substituted in the room of one ; but the united 
effect of them is exceedingly dangerous, unless great pre- 
cautions are employed. 

For this purpose, instead of long- necked flasks, several 
large cylindric jars, of a much greater length than breadth, 
must be employed. It is not necessary however that their 
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Kameter should be very great, because cylinders of a 

fiiall diameter have, in proportion to their solidity, a 

[reater surface, and surface is what is required to be in- 

!reased. They are lined on the inside with a coating of 

in-foil, which covers the bottom and sides to witliin two 

icbes of the brim. And they are coated, in the same 

lanner, on the outside ; after which, they are arranged 

tose to each other in a box, lined also in the inside with 

In-foil and copper-filings. The tin-foil communicates with 

wire ring projecting from each jar, and to these rings is 

ttached the chain, by means of which a communication is 

Itablished between any body and the exterior part of the 

Ittery. 

To establish a communication with the inside of the jars, 
piece of iron wire, twisted at the lower end, and ter- 
dnating at the upper end in a ring, must be made to pass 
irough the cork stopper of each jar, so as to descend to 
Ml bottom of it. A metal rod, having a ball at each end, 
isses through all the rings of the same row ; and, to 
itablish a communication between the rods, the chain of 
le conductor is made to rest on them : in consequence of 
is arrangement, you may charge, if necessary, only one 
' two rows of the jars, by making the chain to rest on one 
d only, or on two, &c. 

Such is the construction of an electric battery, the re- 

^esentation of which, supposing it to consist of only nine 

ra, each 15 inches in height, 3 inches in diameter, and 

•ntaining 12 inches of coated surface, which gives aU 

getber 6| square feet, is seen pU 1, fig. 42. A similar 

ttery of 64 jars would give 48 square feet, and yet form 

ly a box of two feet some inches square, and from 15 to 

inches in height. The effect of »ucb a battery would 

prodigious^ 

The method' of uàng this apparatus is as follows. To 
urge the jars, make the chain, which proceeds from the 
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conductor of the m<acbine9 to rest on the rods, and turn 
the glass globe or plate for some time. Experience will 
ftbow how many turns of the machine will be necessary for 
this purpose; if the jars are over-charged, they will dis- 
charge themselves with a loud report. When they are in 
the proper state, if you wish to discharge them, nothing is 
necessary but to lay hold of the chain, inrhich communicates 
with the outside by means of the discharging rod, and tp 
bring the end of it into contact with the conductor: a 
strong spark will be elicited, and the jars will be discharged. 

If a person, holding the end of the chain, should touch 
with his finger, either the conductor of the machine, or 
one of the rods which touch the inside of the jars, he might 
be killed in consequence of the terrible shock he would 
experience. If a flask indeed, 5 or 6 inches in diameter^ 
strongly charged, give by its discharge a violent shock in 
the arm and breast, we may form some notion of the effect 
which would be produced by the discharge of 12, 15^ 20 f 
30 or 50 square feet. Electricians therefore ought to be 
very attentive to themselves, and to .the spectators, fof 
fear of some fatal accident. -, 

All philosophers who perform electrical esperimenis» 
on a large scale, have at present a similar apparatus, of 
greater or less size. It is by these ineans that they fuse 
metals, which can be reduced even to a calx; that they 
communicate the magnetic virtue to a needle, or changt 
its poles, or imitate the effects of thunder, and so on, ^ 
will be seen hereafter. 

EXPERIMENT XV. 

To kill an animal by means of electricity* 

Affix the chain, which communicates with the outside of 
the battery, to one of \he animal's feet ; and then with the 
discharging rod form a communication between the ani- 
mal's skull and one of the rods that communicate mth the 
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inside ; the animal^ if it be even a sheep, or perhaps an ox^ 
nrill be struck dead. 

Rem AUK. — It has been observed that the flesh of animals 
oiled in this manner, is immediately fit for being eaten ; 
br the shock which kills them is ^miiar to that of lighten- 
Qg, and it is a well known fact that animals killed by 
ightening pass very speedily to a state of putrefaction. 
This artificial lightening might therefore be employed to 
iill those animal^ which are intended to be immediately 
»ed as food : they will be what is called mortified in a 
titnute. But as the operation is dangerous. Dr. Franklin 
lumorously advises philosophers to be on their guard^^est, 
I attempting to mortify a pullet, they should mortify their 
ivn flesh, 

EXPERIMENT XVl. 

Production of Magnetism by Electricity. 

Provide a steel needle, like that of a compass, some 

iches in length, and place it between two plates of glass, 

I that its two ends, a and b, shall project a little beyond 

lem. Then make one of its ends a copimunicate with 

le conductor of the electric machine, or any one of the 

ansverse rods of the electric battery; charge the battery 

rongly, and discharge it through ^he n.eedlè by means of 

€ discharging rod, bringing the end of the chain, which 

mmunicates with the dutside of the jars, to the end b of 

e needle. All the electric fluid will pass through the 

édle, entering by th^ end a and issuing at b ; and the 

edle will then be magnetised in such a manner, that the 

d A will turn to the north. 

I 

Whea.a needle lias been magnetised, if the end a be 
med towards the north, performing a contrary opera- 
m, that is to say, making the electric fluid pass from b 
a, the needle will be un-magnetised ; and by repeating 
3 same operation it will be magne^sed in a çQot|rary 
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sense ; that is, in such a manner that the end b will ton) 

to the uorth. 

It may be readily conceived, that this will depend on 
the quantity of ilie electric fluid. If it he less in the 
second operation than in tlic first, some small portion of 
magnetism may remain ; if it be much more considerable, 
the poles may be changed by the first shock. 

EXPERIMENT XVIJ. 

To fuse metals ôy means of decfridty. 

This experiment is one of th<^ most curious that are per- 
formed by electricity. Take an iron wire half a line in 
diameter, and suspend from it a weight of about 6 pounds ; 
then by mean^ of a battery, consisting of from 16 to 25 
jars, make the electric fluid pass along it; the wire wilt 
immediiiiely stretch itself, and sometimes will break. But 
this could not be the case, were it not softened or mollified 
in Bome pan of its extent. 

Another method. Take a piece of very thin gold leaf, 
and havinif cut it into a slip of two inches in length, and a 
line in breadth, put it between two plates of glass, very 
close to each other; then place these plates in such a 
manner as to form part of the electric circle of a strong 
battery, consisting of 50 or ^ jars. The gold leaf will 
pass throtigh the state of fusion ; and what proves it is^ 
that several of its parts will be incorporated with tbe glass 
itself. 

But, if yoa place between the glasses and the gold leaf 
two bits of card, and squeeze the plates of glass closely 
together, the electric spark made to pass, as above, throngii. 
the gold leaf in the direction of its length, will reduce it, 
in a great measure, into that kind of purple powder 
known, in chemistry, under the name of the -precipitate of 
ÇassiuSi because this preparation was first invented or 
simplified by that cliemist. The two cards will be dyed 
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f the same colour, which may be heightened by repeating 
le operation with new bits of gold leaf. 
Silver leaf treated in the same manner gives a powder 
Ï a beautiful yellow colour. 
- Copper leaf gives a green powder. 
Tin foil gives a white powder. 

Platina, treated in this manner, is reduced, after re- 
sated shocks, to a blackish powder, which when applied 
\ porcelain produces a dark olive colour. 
In short, we are assured by different chemical proofs, 
at these calces are exactly the same as those produced 
Î longer processes. 

For these experiments we are indebted to M. Comus, so 
ileb rated for his industry and address, and who united to 
e most extraordinary talents in this way, the most pro- 
und knowledge in different parts of philosophy. A cir- 
imstantial and truly interesting detail of them may be 
en in the Journal de Physique for the year 1773. 

EXPERIMENT XVIir. 

'hich proves the Identity of Lightening and the Electrical 

Spark. 

On a high insulated place, such as the summit of a 

wer, fix in a vertical direction an iron rod, terminating 

a very sharp point. The higher this point is in the 

nosphere, the better will the experiment succeed. This 

r must be supported by some base, to insulate it from 

ery body capable of conducting electricity. 

Then wait till a storm takes place^ and when a thunder 

md passes over the rod, or near it, touch it with ah iron 

i attached to a glass handle. You will not fail to ex- 

.ct sparks from it, sometimes very larger and accom- 

lâed with a loud noise. It will be dangerous however 

approach too near it ; for the rod is sometimes so highly 

arged with electricity, that the sparks proceed to tbe 
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distance of some feet, and make a noise like the Teport 
of a pistol. Mr. Ricliman, professor of mathemalica at 
Petersburg, and member of the Imperial academy of that 
city, fell a victim, as is well known, to an experiment of 
this kind; for in a moment of forget fulness, having ap- 
proached too near the machine, he was struck dead, and 
all those eficcts observed in persons killed -by lightening 
ivere seen on bis bod}'. 

This accident has indnced some philosophers who study 
electricity to arrange their machine in such a manner, 
that it can neverbecome too much charge<l with electricity. 
For this purpose, they place at some distance from the 
rod a piece of sharp pointed metal, which communicates 
with the floor or the mass of non-electric bodies. This ^ 
point, when the electricity is moderate, will attract none -= 
of it ; but when very strong, it will draw it off as we may — ■ 
Egy, and discharge it insensibly ; so that it will Bccumulata=^ 
only in such a moderate quantity, as to be incapable o^H 
doing mischief. The nearer the point is to the rod, th^^ 
more it will absorb of the electricity. 

By its means it may be known in obscurity whether thi^™ 
cloud be electrified positively or negatively; for in th -^ 
first case, you will observe at the point a simple luminoi^K. t 
star, or very short gerbe ; in the second, you wUl obsen^« 
a large and beautiful gerbe. 

It is customary also to place near the bar a metal bat-l, 
suspended by a silk thread ; and,at a little farther distance 
a bell communicating with the body of the building. The 
use of this apparatus, is to inform the observer that tlie 
bar is electric ; for at the moment when it is charged witl> 
electricity, it attracts the ball which possesses none, elec- 
trifies it, and propels it against the bell ; the sound of 
which announces that the electric cloud has produced its 
effect. The degree of tht; electricity also is indicated i>y 
the same means ; for if it be very strong, the vivacity «>f 
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the ri^iging is proportioned to it, and the observer i|^ 
warned to be on his guard. 

This experiment, without either a tower or a terrace, 
may be performed in a chamber. Nothing will be neces^ 
sary but to place in the chimney a bar of iron, insulated 
by means of silk strings, which keep it firm on every side. 
The point of this bar must rise some feet above the top of 
the chimney : 12 or 15 feet, and even less will be sufEcient. 
Every time then that an electric cloud passes over the 
chimne}^ the bar will emit signs of electricity, if touched 
with caution, or by means of a few electric bells arranged 
near it. 

Instead of this apparatus, Father Cotte, an assiduous 
observer of all meteorological phenomena, places in a 
transverse direction, between two elevated places, an iron 
chain, the links of which are furiiished with sharp points. 
The two ends of the chain are supported by silk s.tring& 
covered with pitch. From the middle of the chain pro- 
pejBds another, of the same form and size as those used for 
electric experiments, which is conveyed into the apart- 
ment, either through the chimney or the window, by 
means of silk strings which support it. At the end it 
ought to be furnished with a metal bal), which will' pro- 
duce sparks much more considerable than the chain itself 
would do. The multitude of points, with which the chain 
is covered, furnish such a quantity of electric matter, 
that the ball must not be touched without great circuiç,- 
spection. 

Aemakk. — This curious experiment, highly interesting 
to philosophy, was proposed ^nd announced by the cele- 
brated Dr. Franklin, in letters addressed to Mr. CoUinson, 
fellow of the royal society; but it was performed, for the 
first time, at Marly, by M. Dalibart and M. Raulet the 
^uré of that place, on the 10th of May 175£. It wa^ 
afterwards e2Lhibited1}efore tbe king and the whole court. 
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Since that time it has been repeated by various pbiloso* 
phersy and at present nothing is more common than this 
electrical apparatus, which shows the identity of the 
electric fluid and lightening. But it is to America, and to 
Dr. Franklin in particular, that we are originally indebted 
for it. 

From this discovery we can deduce the explanation of 
several phenomena ; for which no proper cause had been 
before assigned. Of this kind are those fires often observed 
during storms, on the top of steeples, at the extremity of 
the roasts and yards of ships, which the ancients distinguish- 
ed by the names of Castor and Polluxy and which are 
known to the moderns under that of the^r^ of St. Elmo. 
It is nothing else than the electric fluid of the clouds at- 
tracted by the points of these steeples, or the iron at the 
summits of the masts. Cssar relates, that a great storm 
}iaving come on while his army was arranged in the cA'der 
of battle, flames were seen to issue from the points of the 
soldiers' pikes. This phenomenon has nothing wonderful 
in it to those acquainted with electricity. The flames 
observed were the electric fluid, which escaped from these 
points; the clouds, in all probability, being electrified 
negatively, which, according to Dr. Franklin, is often the 
case. 

EXPERIMENT XIX. 

Which proves the same fact in another manner. ^-^The 

electric kite. 

Jt is sometimes difficult, if not impracticable, to raise 
an iron rod to a great height ; and therefore another artifice 
has been devised to deprive the clouds, in some measure, 
of their electric fluid or lightening. It is by means of the 
paper kite, a small machine more employed before that 
time by young persons and school-boys, than by philoso- 
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!)bers ; but the use made of it by some of the latter has in 
lome measure ennobled it. 

Provide a kite^ covered with silk, of a pretty large size, 
uch as 5 or 6 feet in length at least 5 for the larger it is 
he higher it will rise, on account of the weight of the cord 
►eing less, in comparison of the force with which the wind 
ends to elevate it. Adapt to the head of it a very deli- 
ate rod of iron, extending on the one side, ajong the 
ower axis of the kite, to the point where the cord is affixed 

it, and, on the other,- terminating in a sharp point pro- 
3Gting beyond the kite ; so that when the machine is at 
ts greatest height it may be nearly vertical, and rise above 
: about a foot. The cord must be of common pack-thread, 
dth a very flexible copper wire twisted round it, nearly 

1 the same manner as on the lower strings of some musical 
istruments, but much closer. This is done, because hemp, 
riess moistened, is a bad conductor of electricity. To tUte 
stremity of this rod is attached another of silk, some feet 
1 length, to insulate the kite, when it has reached its 
reatest height ; and near this silk string ià connected with 
le cord of the kite a small tube of tin*plate, about a foot 
t length and an inch in diameter, for the purpose of 
rawing sparks from it. 

When these arrangements are made, expose the kite to 
le wind, when you observe a storm approaching, and 
iffer it to rise to its greatest height : If the silk string be 
len made fast to some fixed object, and in such a manner 
lat the string shall not be moistened by the rain, you will 
3t fail to observe very often exceedingly strong signs of 
ectricity ; and sometimes so powerful that it would be 
ingerous to touch the string or tube without the utmost 
lution. 

For this purpose, affix to the end of a glass tube, or a 
rge stick of Spanish wax of about a foot long, a piece of 
Dn some inches in length, having a small metal chain 
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hanging down from it to the earth. Without this precau- 
tion, weak sparks only would be elicited, because tlie piticc 
of iron being itself insulated, would on the first touch be 
electrified like the cord of the kite. 

M. de Romas, the first person in Europe who employed 
this method of drawing electricity from the clouds, caused 
a kite TJ feet in length, and i in breadth, at its widest 
diameter, to rise to the perpendicular height of jSO feel, 
and produced by it the most cxtraorJiiiary eilects. Having 
imprudently touched the tube of tin-plate with his finger, 
he received a violent shock ; but happily the electricity 
had Dot nearly acquired its utmost strength ; for the storm 
increasiiig, some time after he felt, at the distance of mare 
than three feet from the cord, an impression similar to that 
made by a spitler's web ; he then touched the tube of tin- 
plate with the discharging rod, and extracted a spark of 
an inch in length and three lines in diameter. The elec- 
tricity then increasing in a very great degree, at the 
distance of more than a foot he extracted a spark threes 
inches in length and three hnes in diameter, the snapping- 
of which was heard at the distance of £00 paces. 

But what was most remarkable iu this experiment " j 
that while the electricity was nearly at its highest degree -^ 
three straws, one of them a foot in length, stood iipriglk-^ 
in consequence of the attraction of the tin-plate tube, hum 1 
balanced themselves for some time bet-u-een it and tW--^ 
earth, always turning round, till one of them at lengt^-t». 
rose to the tube, and produced an explosion iirthrce cla^^s 
which were heard in the middle of the town of Nerac, tt— »^ 
experiment having been performed in the suburbs. TB~~ie 
spark which accompanied this explosion was seen by tB~>e 
spectators lik'j a spindle of firr, 8 inches in length anA 4 
or S lines in diameter. The straw which had occasion ^cï 
this spark at last moved along the string of the kite, soine- 
times receding from it, and sometimes approaching it, ai:itl 
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Vbduced a very loud snapping when it came near it. 
bme of the spectators followed it with their eyesy to the 
btance of more than $0 toises. 

Farther details respecting tl^is experiment, no less iti- 

iiesting than- curious, may be seen in the Mémoires dès 

^vans Etrangers, published by the Royal Acadenày of 

:iences, vol. ii. It was followed by a great many others 

! the same pl}ilosopher, which prove that, even during 

\ax weather, a kite of this kind is sometimes so highly 

petrified,' as to make the cord to sprarkte, and to give 

plent shocks to those who inadvertently touch it^ 

We have already said that M. de Romas was the first 

rson in Europe who made this curious experiment ; but 

had been made some months before in Pennsylvania by 

'•Franklin ; for he sent an account of it to Mr. Collin- 

1^ his correspondent at London, in the month of Oc- 

»r, 1752. This discovery however was not known in 

ince till a long time after, and M. de Romas even an- 

AQcedit enigmatically to the Academy of Sciences, about 

\ middle of the same year. Thus, while we adjudge the 

t merit of the invention to Dr. Franklin, we cannot help 

îDowledging that M. de Romas concurred in this respect 

^ the celebrated philosopher in Philadelphia. 

EXPERIMENT XX. 

The Uoiist struck by Lightening. 

)r. Lind is the author of this experiment, which serves' 
irove the difference between the effects of the explosion 
bunder when received on a blunt end or ball, or on- the 
'p point of an uninterrupted conductor. It displays in 
fullest light the advantage of good conductors for pre- 
ing houses from lightening. 

E*, pi. 8, fig. 4:3, is the model of a small house, of which 
the summit of the roof; ad is a wall in which is formed 
square bole^OFHE, destmed to receive a square board; 
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in this board is placed diagonally an iron rod, w^jicn ac- 
cording to the position of the board ciin be disposed in the 
direction fe or gh, as seen in the figure, lu is an iron 
rod terminating in a ball l, which entis at the point G- 
From H to I is another rod of the same kind, the end of 
■which I terminates in a. chain of a length proper for the 
purpose intended. 

When this arrangement has been made, place the board 
in such a manner that the fod, sunk in it, may be in the 
direction fe ; leaving an interruption from g to ii. Then 
make the chain pass round the bndy of a jar, iikc those 
used for an electric battery, and charge the jar a» 
highly as possible. Then affix to one of the legs of the 
discharging rod, furnished ivith a glass handle, the chain 
of the conductor, and with the other leg of the rod touch 
the ball l, which rises above the roof of the house, and the 
rod Gc, An electric circle being thus formed, a strong 
explosion will ensue, and the board fgkf. will be thrown 
from its place on account of the jump which the electric 
matter must make from g to h, to reach the conductor, 
tvhit^h i:> interrupted in that place. 

But, instead of a rod terminating in a ball l, substitute 
a rod ending in a sharp point, and place the board fgbe 
}n such a manner, that the small rod ef may be in the di- 
rection G H ; if you then repeat the same operation as be- 
fore, the electricity will silently pass along the rod lgbi, 
without displacing any thing. 

This is an esact representation of what takes place wtiea 
X building is struck by lightening. The top of the build- 
' ing receives the shock, and the lightening follows the first 
metallic conductor it finds, without doing it any damage, 
provided it be of a sufficient size; but if this conductor be 
any where interrupted, it makes an explosion, and blows 
to pieces the walls, the wainscotting, Sac, till it finds a iieiv 
conductor. At every interruption a new explosion takes 



ELEOTBICAL EXPESIMHHT8* 305 

ibce, to the great danger of tliose vbo «re in the neigh- 
icmrhood ; for as the body of a man is a prek^ good con* 
'actor of electricity, on account of the fluids with which it 
bounds, it attacks him in preference^ and infallibly de-> 
troys him. 

But if the rod, derated above the house, terminates in 
sharp point, and if the conductor is not interrupted» no» 
nng of this kind will take place. There may be sooif 
l^ht explosion at the point of the bar ; but the electric 
aid t>f lightening thenoe fdk>W8 the conductor to its ex- 
taiity, which is sunk in the earth to a depth sufficient to 
aoh moisture* 

M. Sigaud de la Fond, professor of natural philosophy, 
ndered this experiment still more sensible, by the dis* 
mtion he gave to the small house. It was such that the 
actric explosion blew up the roof, and separated the 
lUs. 

EXPISaiMXNT XXI. 

The Ship struck by or presetted from Lightening^ 

Tins experiment, in some respects, is merely a variation 
the preceding. We have introduced it however, bo- 
use it is no less amusing, and is equally calculated to 
Bve the utility of uninterrupted metallic conductors, for 
sventing damage by lightening. 
In the middle of a small boat, representing the hull of a 
vol, raise a tube about eight inches in height, and half 
inch in diameter, to represent the main*mast. Fill this 
le with water; and, having closed both its extremities 
h two pieces of cork, introduce tjirough them two pieces 
iron wir^, so that the ends of them shall be at the 
Eance of half an inch from each other^ in the inside, 
e lower piece of wire must be immersed in the water 
which the vessel floats, and the upper one mutt termi- 
«9 without the tube, in a small knob. 

VOL. IV. X 
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Now, if a communication be established between the ex- 
tenor surface of an electric battery and the lower wire, 
and if the end of the iron chain which is connected with 
tile inside of the battery be applied to the end of the 
upper wire, the explosion of the electric matter, passing 
from the end of one wire to that of the other in the tube, 
will be such, even if a small part only of the chain be em. 
ployed, that it will shatter the tube to pieces ; and the bot- 
tom of the vessel being pierced, it will sink. Such is the 
manner nearly in which the main-mast of a ship is shivered 
by lightening, so that the vessel is in danger of being lost. 

But if, instead of two wires, one only be made to pass 
through the two pieces of cork and the water with which 
the tube is filled, and if the same communication be esta- 
blished with the electric battery, the charge of sixty-four 
jars may be transmitted through the tube, without doing 
it any injury. Sometimes however the force of the electric 
matter, or of this small flash or artificial lightening, will be 
«o great, as to destroy the metallic wire, 

This experiment was invented by Mr. Edward Nairne, 
and might easily be adapted to represent, in a mannei 
more agreeable to reality, the phenomena of a vessel 
struck by lightening-, but we have chosen rather to de- 
scribe it as given in the PhUosophical Transactions for the 
year ms. It clearly shows how dangerous the interrup> 
tion of metallic conductors is, and huw the smallest con* 
ductor, if properly continued, will carry off the electrie 
fluid. 

GENERAL REMARK. 

On the analogi/ between lightaiing and the electric fiuid. Tht 
Tneans of securing houses from the effects of lightening. 
Though the identity of lightening and electricity is suf- 
ficiently proved by the preceding experiments; to esla- 
blish it more completely, ws shall mention some of the pbe- 
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ùtnetti most côàimotily observed in the progress of lighu 

ring, when it falls on a house or any other object* 

The first of these phenomena, or what takes plaCe most 

ttqnentljy is, that the lightening runs along metallic 

ùdies, wherever it meets with them in its way. For want 

jF metallic bodies, it explodes, or attaches itself to moist 

ttdHes, or to animals, which are composed almost entirely 

(-fluids. Hence it is often observed| when the lightening 

Hs oh steeples, that from the weathercock or cross on 

IB mimmit, which receives the first shock, it rtins along 

Ériron work, proceeding thence to the roof or to the in* 

feof the building, and there explodes; for as it no 

llger meets with any thing besides wood or stone, which 

6 bad conductors, it cannot conreniently pursue its 

lirse; it therefore often strikes men who are in the 

leple^ in consequence of a bad custom which prevails of 

iging the bells on such occasions. Sometimes it falls on 

I'bell and follows the rope to its extremity ; and if the 

pe at that moment is held by a man, he seldom escapes 

Étrûction ; for being a better conductor than hemp, the 

htening seems to give him a fatal preference. 

\t very often happens that the lightening melts the lead 

iie cross, which it strikes rather than other bodies, which 

! worse Conductors. 

We may thence explain also, why it has happened that 

lan with a sword by his side has been struck by lighten- 

^ without sustaining any hurt, and that the point of the 

ird has been found melted in the scabbard ; it is because 

electric fluid preferred passing through the sword, en- 

og at the hilt and issuing at the extremity ; and as this 

'emity terminates in a sharp point, it found it more 

ipact, and reduced it to a state of fusion» This effect 

f be imitated, by causing a large quantity of the elec- 

matter to pass through a sharp-pointed wire. 

i^hen lightening falls on a tree, if there be any animals 

xS 
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beneath, they rarely escape, especially i' 
resinous or oily nature. The reason of this is, that wood 
is a bad conductor ; the lightening therefore abandons it 
if there be a better conductor, such as an animal, in the 
neighbourhood. Hence it happens that the walnut tree 
is reckoned to be particularly dangerous: its oily sap 
renders it a worse conductor of electricity than any other. 
But it is when lightening fails on a house that its pre- 
dilection for metallic bodies principally appears. Almost 
all the accounts of the eflTects of lightening agree, in repre- 
senting the electric matter as preferring to run along the 
wires fixed to the bells, or the metallic edges of cornices, 
or looking-glasses, or pictures, &c, exploded every time 
that this route, which it finds most commodious, is inter- 
rupted. It has been seen to pass, in this manner, throngh 
several apartments, and even through several stories. This 
route indeed is so well established by the obserrationt 
which have been made, that there is every reason to be- 
lieve, that if these metallic conductors had been wanting, 
or had been insufficient, it would have occasioned gre« 
damage. 

One of the best related, and most remarkable accounts 
of such events, is that of the lightening which struck tbe 
hotel occupied by Lord Tilney at Naples, on the SOth of 
March 1773. We are indebted for it to Sir William 
Hamilton, who was present in the apartment, tbrougb 
which the lightening passed, together with M. de Sau** 
sure, professor of Natural History at Geneva, and they 
both soon after esamined the whole hotel with the utmoit 
care, in ordei- to trace out the progress of the meteor. The 
circumstances of this erent were as follows. 

The apartments of Lord Tiluey, which consisted of nine 
rooms on a floor, were decorated with great elegance, like 
most of those belonging to persons of rank in that country. 
A rery large cornice went round all the rooms, aiid tliii 
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ofnice was gilt in the Italiaii manner ; that is to say coated 
ith tin-foil, covered widi a yellow vamish, in imitation 
Ï gold. From this cornice proceeded a great number of 
lat^bands, which served as frames to the tapestry, and 
Uch were gilt in the same manpery Is well as the borders 
!fthe pannels of the wainscottmg^ the frames of the pic- 
ipes, and the mirrors, the door-posts, &c. The apartments 
Mym were ornamented in the same style. This hotel had 
fftoimon of such ornaments ; and it is to be observed 
ift jail the rooms communicated with each other by means 
the bell- wires, which, for the sake of convenience, were 
fy nmiaerous. 

Lord Tilney had a party to dinner, and Sir William 
milton says, that on this occasion there were in the hotel 
vwarda of MOO persons, including the domestics. A loud 
ip of thunder was heard^ and in an instant the whole 
HrtiDnent, where the company were assembled, seemed 
be on fire. Every one thought himself struck by the 
htcning, and the terror and confusion which this cir- 
Mtance produced may be easily conceived. No person 
werver was either killed or wounded ; and this no doubt 
a owing tp the prodigious quantity of metal conductors, 
ioh ^labled the lightening to pass through them* 
iir Wiiiiam Hamilton and M. de Saussure havidg ex- 
ipnoàf soon after and next day, the different apartments» 
inrved that the greater part of the extensive corniices 
fm dami^ed, and black in a number of places, particu- 
le at the comers,and where the bell-wires passed through 
m ; the gilt varnish was detached in many parts, and 
dwn down in the form of powder ; in some other places 
^ords of the bells were burnt. In one room where two 
Btings w^e suspended, one above the other, between 
cornice and the door, the lightening had passed from 
cornice to the gilding of the frame of the picture in^ 
ttaftely below ; then to that of Ae second picture» and 
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tiience to the frame of the door, and its course was marked 
on the wall, which was whitened according to the custom 
of the country, by the impressions of the smoke. In so- 
other room, the lightening bad also passed from thé cof« 
nice to the frame of tl\e picture, which was in contact with 
it, and thence to the interior border of the frame of the 
door, making an explosion each time ; it. had then de« 
jscended along the frame of the door, and bad split part of 
a small socle, at which the mouldings terminated. . The 
same phenomena nearly had taken place in the upper 
story» 

It may be seen, by this description, that the ligfateniog 
had preferred passing through all these metallic materials; 
und there can be no doubt that it was owing to the great 
profusion of gilding, ai|d to the wires of the belLiy that 
some of the persons present escaped being killed. 

The predilection which the electric matter, or lig^faten* 
ing, shows for metallic éonductorS) induced Dr. Franklin, 
about the year 1752, to propose, at Philadelphia, a new 
method of preserving edifices from this destructive meteor» 
It consists in placing on the tops of the houses an iron rod, 
terminating io a point, and continued downwards by several 
more rods joined together. The lowest rod ought to be 
sunk in the earth to a Sufficient depth to ni«et with 
moisture, which, being a good conductor, will convey off 
the electric matter, by transmitting it to the whole mas 
in the earth. In regard to the size of the rod, Dr. Frank- 
lin observes that three or four lines in diameter will be 
sufficient. 



In the year 1755, a great many houses in North 
and particularly in Pennsylvania, Maryland, and Virginia, 
where thunder is very common, and often falls on build- 
ings, were furnished with conductors of this kind. It is 
allowed that several of these houses were struck by lighten- 
ing ; but the circumstances always observed in America, 
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Mre as follow : Ist, that the damage done to these houses 
IS less : Sd^ that when they were strack, the lightening^, 
itead of occasioning the same haroc as in others, passed 
r by the conductors, leaving only a slight impression in 
e neighbouring parts. In these cases the point of the 
nductor was, for the most part, found to have been 
Bed* 

The object of these rods is not indeed, as was at first 
pposed in Europe, to deprive an immense cloud of its 
setricity; but to furnish a conductor to that electric 
ttter, when by an accident, which cannot always be 
oided, a cloud highly charged with electricity has fallen 
BXk edifice* 

This expedient however found powerful opponents, 
>ecially in France. One of the most conspicuous was 
s celebrated abbé NoUet, the rival of Dr. Franklin in the 
sory of electricity ; but it must be allowed that nothing 
lid be weaker than the arms with which the French phi- 
ôpber combated the American. They were mere as^- 
ticNis, unsupported by any proofs, or rather contrary to 
I result of experiments* According to NoUet, these 
hfited rods of iron are more calculated to attract the lighu 
.ng than to preserve from it ; and it is not a rational pro*> 
t for a philosopher, says he, to exhaust a stormy àUmd 
the -electric matter it contains. To answer these asser- 
bSy it is sufficient to be acquainted with the efiects of 
htening. They prove in the most evident manner, that 
hm places where it fell had beeu furnished with good 
iductors, no explosion would have taken place. Be* 
es, it is not true that a sharp-pointed rod attracts the 
eiricity of a storm-cloud ; on the contrary, if a sharp 
int be presented to a flake of cotton suspended from the 
iductor of the electric machine, it immediately repels 
Is it therefore better to wsdt dll a storm-cloud, charged 
h electricity, and driyen by the wind against a building, 
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shall esplode and poiii' into it a torrent of the electric Swd, 
than to draw it off by degrees, so that when it approaches 
the edifice it shall be entirely deprived of it ? In regard to 
the impossibility of freeing a. cloud entirely from its elec- 
tric matter, it is iieedlesii to muke many observations ; as 
all that is meant is merely to supply the electric Biatter, 
poured forth from a storm cloud, with the easy meaDS of 
escaping. But when it is considered, that every time al- 
most that lightening has fallen in any place, without doing 
damage, it has followed conductors as small as a bell-wire, 
or gilding, Sic, and that it has never exploded but when its 
course was interrupted, there can be no doubt that a rod, 
half an inch or an inch in diameter, would afford a passage 
to all the electric fluid that could be produced by the 
largest cloud. 

Sharp-pointed conductors, considered as preserrativea 
against the effects of lightening, were opposed in iLiigland 
by the noted electrician Wilson, on the following occasion. 
The method proposed by Dr. Franklin, for preventing the 
effects of lightening, liaving excited the attention of the 
government in 1772, the Royal Society of London were 
coiiiiulted on the means of securing from tliis destructive 
agent the new powder nt^azinns atPurfleet. The society 
having appointed Mr. Cavendish, Dr. Watson, Dr. Frank- 
lin, Mr. Wilson, and Mr. Robertson to examine this sub< 
jcct; four of these gentlemen were of opinion, that the 
magazines should be furnished with sharp-pointed con- 
ductors. Mr. Wilson alone maintained that the poipts of 
the (conductors ought to be blunt, and he refused to sign 
the report. It may be easily seen that Mr. Wilson's motive 
was an apprehension that sharp-pointed conductors might 
attract the electric âuid at too great a distance. Dr. 
Franklin, in a paper written on purpose, which contains 
an account ot mw and ingenious experiments, endeavour- 
ed to make liim change lus opimon ; but did not succeed> 
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?he magazines of Purflect however were famisbed with 
Dnductors according to the idea of Dr. Franklin and the 
tber three commissioners. 

The sequel of this business gave rise to the most ex- 
«ordinary transactions that ever occurred in the Royal 
iciety. 

EXPERIMENT XXII. 

4 

Ofsonie amusements founded on electric Repuhion and 
Attraction : The Electric Spider, kc. 

<]lut a small bit of cork, or of the pith of the elder tree, 
to the form of a spider, and fix to it six or eight cotton 
' Jinefi threads, a few lines in length. Suspend this small 
|ure from a hook by a silk thread, and place on one side 
' it^ and at the same height, the knob of a small jar 
mtively charged, and on the other that of a jar nega- 
rely charged, or merely a similar knob not electrified, 
d communicating with the general mass of non-electric 
dies. You will theu see this figure first attracted to- 
irds the electrified knob, and then repelled by it ; and as 
9 filajnents of the threads will mutually repel each other^ 
9^ider will appear as if at work^ and extending its legs 
hkj hold of the second knob. But it will have no sooner 
iched it, than it will seem to fly from it ; for when de- 
jfed of its electricity by the touch, it will be attracted 
'^Cke first knob, from which it will be afterwards r^>el- 
^9 and this play will continue as long as tii»re is any 
Idiricity in the jar. 

A common conductor charged with electricity will 
iply the place of the dectrified jar; and, instead of 
tisksctrified knob, the finger may be employed. The 
der,^ter ha/ving touched the conductor, will appear 
Ihrow itself on the finger^ as if to seize it, and will em- 
MBe it with its Jegs* 
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EXPEItIMENT XXIII. 

The Electric Wheel and Turnspit. 

Construct a wheel consisting of eight or ten glass radii, 
implanted in a common centre, about six or eight inches 
in length, and each furnislied at the extremity with a ball 
of lead. 

This wheel must be placed, in perfect equilibrium, on 
a small vertical axis, which turns in a piece of glass, so 
that the slightest impulse can put it in motion. The stand., 
by which it is supported, must be susceptible of being in- 
sulated. 

Then provide two jars, one charged positively and the 
other negativelv ; and, having insulated the above wheel, 
place the two jars one on each side of it, so that the balls 
shall pass at the distance of a quarter of an inch from tbe 
knob of each jar. 

It may be easily conceived, that if this small machine 
be in perfect equilibrium, when one of the balls approaches 
one of the knobs, that fur example which belongs to the 
flask charged positively, it will be attracted by it, and the 
machine will tend to turn round ; but the ball, by passing 
near to that knob, will be electrified positively, and con- 
sequently will be immediately repelled. 

The same thing will take place in regard to the flask 
which is charged negatively : the non-elec tri lied ball will 
be attracted by it, and in passing near it will be electrified 
negatively ; it will therefore be repelled, as soon as it has 
passed it. 

As the same thing takes place in regard to all tbe other 
balls, the result will be a circular motion, which will be ac- 
celerated more and more, and will continue as long as the 
two jars are in a state of electricity. But they may be 
easily kept in motion, by making the knob of a jar strongly 
charged touch that ai one of them, and tbe knob of tbe 
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Other the side of the same jar : by these means the one will 
>e charged positively, and the other negatively. 

When the electricity is very strong, and the machine is 
nrell constructed and in equilibrio, it acquires a motion 
capable of turning a weight of several pounds placed on 
ts vertical axis. 

The electricians of Philadelphia employed this apparatus 
:o turn a spit, when a party of them met to amuse them- 
lelves with philosophical experiments. Being persuaded, 
)o doubt, that Reason must sometimes throw itself into the 
irms of Folly, they assembled on the banks of the Skuyl- 
nll,a river which runs past Philadelphia, and having killed 
k turkey, by the electric shock, they placed it on a spit 
idapted to an electrical jack, and roasted it at a fire 
ûndled by the electric spark ; they then drank to the 
lealth of the European and American philosophers who 
:ultivated electricity, not amidst the noise of musketry, but 
ïf electric- batteries discharged at each toast. Dr. Frankl- 
in, the first ef the philosophical electricianS| calls this an 
electrical feasU 

EXPERIMENT XXIV. 

The Electric Alarum and Electric Harpsichord. 

Suspend from the conductor of an electric naacbine 
htee, bells, at the distance of about an inch from each 
»tber ;. but the outer ones must be suspended by threads 
Rhich transmit the electric fluid, and that in the middle 
xy a silk thread, or other electric substance» The bell in 
be middle must communicate, at the same time, with the 
loor^ by means of a small chain or metallic wire. 

At equal distances, between each of these three bells, 
luspend by silk threads two small balls of metal, in such a 
nanner, that when pulled a little to the right or left^ they 
ihall strike against the bells. 

Jf the conductor be now electrified| you will immecii- 
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ately sec these small clappers put themseltres in motion^ 
and strike the bells alternately, which will form a small 
alarum, and if the electric apparatus be concealed, it will 
be difficult for those present to discover the cause of it. 

The cause however of this continued play may be easily 
discovered ; for, liy the construction of the apparatus, the 
two lateral or outer bells are electrilied, as soon a» the 
electric nuchine is put in motion. The small balls sus- 
pended between thcoi and that In the middle will there- 
fore be attracted by these bells ; but as soon as they touch 
them they will be repelled, being electrified in the same 
manner as they are ; they will then be carried towards the 
middle beil, which having a comaiunication with the floor, 
will immediately deprive them of their electricity. They 
must therefore I'atl back towards the clcctritied hells, which 
uill attract them again ; and this play will continue as long 
as the electric machine is kept iu action. 

Remark.— On this principle, an instrument, called the 
electrical harpsichord^ has been invented. The following is 
a short account of tbis ingenious machine, for which we 
are indebted to Father de la Bordc, a Jesuit, who gave a 
description of it in a small work published in 1759. 

Suppose an iron rod, supported by silk strings, and 
furnished with two rows of bells, each two of which are 
capable of emitting the same sound, because two will be 
required for each tone. One of these bells must be su^ 
pended from the rod by a wire, so that when it is electri- 
fied the bell may be electrified also. The other must be 
suspended by a silk string ; and between each pair of 
beils a small ball of steel must be suspended hy the tame 
means. 

The bell suspended from the bar at the top, by the silk 
string, is furnished with a wire which proceeds downwards, 
and Is fixed by another silk string. To its tower extremity 
is fastened a small Jefer, which in its usual position tests 
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n another insulated bar, communicating as well as the 
ther with the conductor of an efectrical machine» 

In the last place, below tbis second bar is a harpsichord, 
^ disposed, that when one of its keys is touched, the other 
xtremity of it raises up the corresponding lever; this in- 
srcepts the communication of the bell with the electrified 
onductor, and establishes a communication with the ge* 
eral mass of the earth. 

After this description, it may be easily conceived, that 
* one of the keys be touched, while the electric machine 
\ in motion, one of the bells being electrified, the steel 
all will immediately advance towards the other, and, 
nng electrified by it, will be repelled towards the first, 
tbich will deprive it of its electricity, and therefore it will 
stum to the other. This motion will take place indeed 
'ith great rapidity, and the result will be an undulating 
Mind resembling the vibrations of an organ. When the 
rver ÙLÛs down, the two bells are equally electrified, and 
I » moment the steel ball stops. 

Father de la Borde, having-constructed this machine, 
fmld by practice perform on it, with a considerable de- 
ree of correctness» simple airs. But was it of sufficient 
oportance to be made the subject of a particular treatise, 
uBce neitber the science of music nor the theory of elec- 
Àcity could be much benefited by it ? 

EXPERIMENT XXV. 

1 

^Af eUetrical Horses which pur sut each other y or the Elec- 
trical Horse-race. 

With two small iron plates, or two small wires, construct 
kind of cross, having a piece oi copper in the centre, so 
I to^represent two magnetic needles crossing each other 
t right angles. The ends of these four branches must 
irminate in a point, and about an inch of the extremities 
t them 9 more or less according to tbe size of the machine. 
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must be bent back, so as to form somewhat less than a 
right angle. On these bent ends fix a small bit of light 
card, and place on each the figures of horses, having their 
tails turned toward the points. Then arrange the whole 
on a steel pivot, raised in a perpendicular direction, that 
the cross with its load may preserve itself in a horizontal 
direction, and have a very easy rotary motion. 

Having then insulated the machine and its plate, if the 
latter, or the point of steely be made to communicate with 
the electrified conductor, you will soon see these four 
branches of iron assume^ as if spontaneously, a rotary mo- 
tion in a direction contrary to that in which their extremi- 
ties are bent; so that the four horses will seem to pur^e 
each other in a circular course. And this play will con* 
tinue as long as the electricity lasts, and even longer, on 
account of the acquired velocity. 

If the experiment be made in the dark, and without the 
^ horses, that is to say with the four points alone, you will 
see pencils of light or electric fire issue from them, whkh 
will form a very agreeable spectacle, as the result will be 
a ring of fire ; and this ring may be rendered larger by 
giving unequal lengths to the branches of the cross. 

Several stages of wires, placed in the form of a cross, 
each stage always decreasing in size, might be construct- 
ed, and by these means a luminous pyramid would be 
formed. 

The cause of this apparently spontaneous motion may 
be easily conceived. It is the impulse of the electric mat- 
ter, issuing from the points, which meeting with the air, 
experiences a reaction, and is impelled backwards. 

Remark. — Some have pretended to deduce from this 
experiment a pretty strong objection against the hypo- 
thesis of Dr. Franklin ; for whether this small machine be 
electrified either positively or negatively, the motion takes 
place in the same direction, which has astonished those 
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ven who are dedded Fcanklinians. To us this objection 
ppears to have little weight ; for in our opinion it might 
s $aid, that in the case of negative electricity, the electric 
aid which is throwb into the points, can be absorbed, 
ithout communicating to them an impulse, which act:» 
lactly ip'the same direction as the repulsion experienced 
f the electric fluid, on issuing from the points when 
ley are electrified positively. 

EXPEttlMENT XXVI. 

'o cause writing in luminous characters to appear suddenh/, 

by thenieans of electricity , 

This electric amusement is founded on a well known 
>seryation, that if several metallic ;wires be disposed to« 
stber, in such a manner that their ends, withont being in 
mtact, shall approach very near to each other, so as to 
$ at the distance of a line, or half a line ; if the first be 
ectrified, while the last has a communication with the 
ass of non-electric bodies, sparks will continually be 
nitted between the ends of these wires. 
The same thing will take place if the last of these wires 
rminate in a point ; for as it will by these means lose its 
ectricity, there must be a continual afflux of new matter ; 
id this cannot be the case without causing a spark in 
ch of the small intervals, that separate the ends of the 
Ires. . \ 

This being understood, it may be easily conceived that 
series of sparks, forming any representation whatever, 
th some limitations, which will be seen hereafter, might 
! produced, by arranging the ends of the wires along the 
itlines of any figure. If the last of the wires be then 
uched by the finger, or, what will be still better, with 
b exterior furniture of the Leyden flask, there will be 
ïtantly formed, in the intervals between these wires, 
arks representing the contour of the figure. 
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But, as this would be atteniled with difficulties, it tnay 
I be easily executed iu the fultowiug manner. Cut a leaf of 
■ tin-foil into small pieces, of a line or half a line square, or 
pinto the form of a rhombui somenlial elongated. Then 
! delineate on paper the letters you intend to represent, and 
having put a plate of glass, about a line in thickness, on 
the drawing, cement to the glass the small squares of tin- 
foil, or the riiombs above described, according to the out- 
lines; taking care that the angles correspond to angles, 
and that they be at the distance from each other of about 
half a line, as seen in the delineation of the letter s, pi, 8 
fig. 44, Then connect the extremity of one letter with 
the commencement of the following one, by a small bent 
metallic plate, terminating on both ^ides in a sharp point, 
as seen iu the same figure; a small plate of tbe like kind at 
j'tlie commencement of the Brst letter, and another fVom 
L the end of the last, must proceed to the edge of the glass, 
and beyond it. 

Let us now suppose that the first of these small plates 
has a communication with the electric conductor, antl that 
you touch the second, or vice versa; each angle of the 
small squares will convey the electric fluid by a spark to 
its neighbour ; and if the experiment be performed iu the 
dark, these two letters will be perceived as if deUneated 
by a series of luminous sparks. 
. If the last plate communicate with a mass of non-electric 
bodies, and if the electricity be strong, an explosion will 
take place between each square, which will render this 
writing luminous. 

Bemakk. — But it is to be observed, that all the letters 
of the alphabet cannot be represented in a manner so 
simple as the two here given by way of example. Thus, 
the o cannot be represented by this method, as the electric 
fluid, instead of going round in a circle, would proceed 
from the first to the last square. The A also would remain 
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truncated at its upper part, as the electric matter would 
pass through it. A particular artifice therefore is neces-* 
sary to obviate this inconvenience, which occurs in regard 
to a great many other letters, such as e, f, h, &c. 

This artifice consists in delineating one half of the letter 
on one side of the glass, and the other half on the ofcfaer^ 
and in forming a communication between them by a small 
metallic band^ which, proceeding from the upper to the 
lower side , of the glass^ may convey the electric matter 
from the last square of the first half of the o (pi. 8 fig. 45) 
for example, to the first square of the second half of the 
same letter; and then unitiog^ by a similar band^ the last 
square of that second half with the first square of the 
following letter. If fig. 45 be carefully examined, the 
mechanism of this. amusement will be easily comprehended. 
The letters, or parts of letters, represented on the upper 
side of the glass, must be strongly shaded^ and those on 
the lower lightly. As the propagation of the electric fluid 
is instantaneous, no inconvenience can arise from thii 
miethod of transmission. . 

It may be readily seen that such an artifiK:e^ in the times^ 
of superstition, might have been employed to terrify the 
ignorant. If a number of people,' assembled in a. dark 
place, should see, after a clap of thunder, a luminous 
writing on the wall, containing a pretended decision o£ 
the deity, what would they not be capable of doing? and 
with what terror would a man be struck, who on waking, 
should see written on the glass/ T'Ai? day thou shdt dic^ 

EXPERIMENT XXVII. 

Electric Fire^Works. 

We shall here describe a new kind of spectacle. We 
will not absolutely warrant its success, but we are inclined 
to think that our idea is susceptible of being carried into 
execution. 

VOL. IV. T 



(i'22 ELECTRICAL ESPEKIMENT3. 

An exhibition of fire-works is generally composed of s 
fixed decoration, representing an edifice, suited to tb» 
subject, and of various moveable pieces of fire; such a» 
rockets, gerbes, cascades, fixed or revolping sunS| &c; 
and all these pieces, iu our opinion, may be represented 
by merely electric fire. 

Let us first assume, by way of example, a decoration of 
architecture, which is illuminated by a series of lamps, 
disposed in such a manner, as to trace out its principal 
parts. Now, might not a series of points, rendered lumin- 
ous by electricity, be substituted instead of these lampsF 
The preceding experiment will furnish us with the meant 
of accomplishing this end ; for since letters, the figures of 
which are much more complex, may be rendered ap- 
parent by a series of similar points, lines, the greater part 
of which are straight and parallel or perpendicular to 
each other, may be represented with much more ease, hj 
attending to the directions given in that experiment. Tbc 
following however is another method. 

On a piece of very dry and well planed resinous wood, 
trace out the design of your decoration, and mark by 
points the places where lamps would be suspended, were 
it to be illuminated ; then place at each of these points a 
piece of iron wire, one or two lines in length, and ter- 
minating on the outside in a very delicate sharp point; 
and form a communication between all these wires by i 
long piece of wire connected with them. If the electric 
matter be then excited in a powerful manner, there is no 
doubt that each of these points will emit in the dark a 
small luminous gerbe, which will trace out the design of 
your architectural decoration ; for it is well known that» 
bar of iron, when strongly electrified, throws out in tha 
dark from all its angles large luminous gerbes, which aK 
•ometimes several inches in length. 
Nothing IB easier than to represent a gerbe of fire: t 
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fcnp df iron \fires^ terminating in a point, will produce 
D asseiiiblage of small gerbes, which together will form 
ne of a considerable size. 

If a fixed sun is to be representedi it may be done by 
teans of ten or twelve points disposed in the form of radii, 
I the extf emity 6f a wire which terminates in a button : 
id if twelve points be arratiged ih a proper manner, they 
^f form a star by the emanation of the electric fluid : 
ithing will be necessary but to dispose them in the same 
inaer as rockets are in tommon fire wbrks> to represent 
p fame thing; 

If several pieces of iron wire, terminating in a point, 

^ having a communication with a coounon handle, be 

Wiged in a semicircular form, in a direction. incliiie^ to 

s horizon, they will I'epresent a cascade, by the ejectric 

rbçs which issue from their points^ 

If the figure of a revolving sun be required ; you must 

tftruct a cross similar to that described in the âl5th ex* 

riment ; but instead of making it turn round on a verti^ 

axis, it must be brought into perfect equilibrium on a 

jzontal one* The luminous gerbes which issue from 

bent points will form a circle of fire^ if the motion be 

id, or something that Ims a near reseinblance .to a sun. 

¥hat may give to this exhibition an air of reality, is 

tjt is possible to accompany it with the noise of an 

atric battery, which will excite the idea of marroons 

saucissons, a discharge [of which accompanies in ge- 

Û other fire-works^ if not continually, at least at. certain 

jrrals. This might be done by means of spiall electric 

eriés, discharged partially and successively. 

1ns5 as already said, is merely an idea, which has need 

>eing subjected to experiment ; but in our opinion an 

tmous artist might turn it to advantage. It may easily 

onceived, that the electricity in this case ought to be 

ng ; but ,wbat could not be done by one electric m»- 

T 2 



S14 BtCCTKICAt EXPEUIMËTSTS'. 

chine might be performed io all probability by two, of' 
three, or four. 

EXPERIMENT XXVIII. 

On the Electricity of Silk. 
"We shall here present the reader with a few niorf 
singular experiments made by Mr. Syramer, who published 
them in the Philosophical Transactions for the ye^r 1159. 

1st, During exceedingly dry, cold weather, when s , 
north or north-east wind prevails, take two new silk stocfe'* J 
ings, the one black and tbe other white, and after having*" 
heated them well, put them on the same leg: the action 
of putting them on will itself electrify tliem. If you then 
pull them off, one within the other, making them both 
glide at the same time on the leg, they will be found so 
much electrified, that they will adhere to each other with 
a greater or less force, Mr. Symmer once saw them sup- 
port, in this manner, a weight which was equal at least to 
sixty times that of one of them. M 

2d. If you draw the one from within the other, pulliog 
one by the heel and the other by the upper end, they will 
still remain electrified, and yon will be astonished to see 
each of them swell in such a manner as to represent the 
volume of the leg. 

3d. If one of these stockings be presented to the other 
»t some distance, you will see them rush towards each 
other, become fiat, and adhere with a force of seversi 
ounces. 

4th. But, if tbe experiment be performed with two pain 
of stockings, combined in the same manner, the one white 
and tbe other black, on presenting the white stocking to 
the white, and the black to the black, they will mutual]/ 
repel each otlier. If the black be then presented to the 
white, they will attract each other, and become united, or 
will tend to unite as in the third experiment. 
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. 5th. The Leydeo flask may be charged by these stock- 
logs. 

Jt appears thence to result, that silk rubbed against siHc 
It capable of electrifying^ but for this purpose a prepara- 
tion must be given to one of the pieces: for two white or 
two black stockings, placed one within the other, cannot 
pjbctrify. But it is not the black as black, opposed to the 
pbite as white, which produces this effect. The abbé 
NFoUet has shown, that the preparation here alluded to is 
ibè operation of galling, which precedes that of dying 
llack ; for two white ribbons, one of which only is galled, 
( rubbed against each other properly, will produce the 
mne phenomena of adhesion, attraction and repulsion. 
There can be no doubt that the case is the same in regard 
ID stockings. 

The partisans of the Franklinian doctrine, respecting 
llectricity, will not find it difficult to explain the other 
ibenomena which have been mentioned. Each stocking 
8 electrified in a different manner,, one positively and the 
ither negatively ; it appears that it is the white which is 
dectrified positively, or in the manner of glass. The 
fwelfing up, observed in each of the insulated stockings, 
s only the effect of repulsion between the bodies similarly 
jlectrified ; for all the parts of the same stocking have re- 
Seiv^d the same electricity. For the like reason^ two 
llockings of the same colour necessarily repel each other. 
^ But, if a black stocking be presented to a white one, as 
heir electricities are different, these two bodies will at- 
rjàct each other ; this phenomenon is well known, and if 
lot general, does not fail to take place between two bodies 
electrified, one positively the other negatively, or the one 
II the manner of glass, and the other in that of sulphur. 

A very remarkable phenomenon here is, that two bodies^ 
be one electrified positively, and the other negatively, 
tfscording to the language of the Frauklinians^ may be 
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applied to^eacli other, without their electricity being de- 
stroyed. Mr. Sy mmer remarks this with some astonishment ; 
and hence he was induced to deviate from the Franklinian 
doctrine in assigning reasons for it, which, as the abbé 
NoUet observes, approach near to the explanation of the 
latter. 

It has since been remarked, that the surfaces of two 
bodies, one of which is electrified positively, and the other 
negatively, may be applie<l to e^i other, without their 
electricity being destroyed. Tiiis is the principle of the 
clectrophorus, a new electric instrument, invented a few 
years ago. Nay more, these two surfaces applied in this 
manner retain their electricity much longer : but it does 
not manifest itself when they are separated. Electricity 
is a mine, which, the more it is searched, presents new 
phenomena diilicult to be explained. How this is to be 
explained, according to the Frankiinian theory, we do not 
know; and, though attached to the science, we shall not 
attempt it. 

EXPERIMENT XXIX. 

U'hicà provfs that electricity accelerates the course i^pèâa^ 

Provide a capillary tube ; or a tube terminating in an 
aperture so narrow, that the water which runs through it' 
can issue only drop by drop. If this water be electrified,' 
you will immediately see it run out in a continued stream^ 

REMARK, 

On the consequences of this experiment, and the cures peri 
formed, or said to be performed, îy electricity. 

It is probable that it was this experiment which gave 
rise to the apphcation of electricity to medicine; for it 
was natural to reason in this manner; as electricity ac- 
celerates the course of fluids, it is probable that it will 



^ 



ËLBCTHICAL IXPERIMSNTS. d2T 

ccelârate that of the blood, and of the nervous fluid in 
ninsals*. But there are certain diseases which appear to 
le merely the consequence of an accumulation of the. 
lenrous fluid» such as the palsy, and different maladies de* 
pending on the same 'cause ; as deafness, blindness, JScc : 
onsequently, electricity, by accelerating either the course 
£ the blood, or that of the nervous fluid, may remove 
bat accumulation, and so will produce a cure of the 
lisease. 

Some f^ysicians therefore began to electrify patients at- 
icked by the palsy ; and it must be allowed, as we have 
be testimony of persons free from every kind of suspicion, 
neb as M. Jallabert of Geneva, and others, that the at- 
smpt was attended with some success. It is certain that 
Ids celebrated professor, and citizen of Geneva, if he did 
ot cure radically, at least greatly relieved a person of the 
ame of Noguez, afflicted with a paralytic disorder. This 
um^ who was incapable of raising up his arm, after being 
lectrified three months, was able to raise up a large 
lammer. 

This cure, which was published in some of the journals, 
iade a considerable noise, as may be well supposed ; and 
r multitude of electricians, in various parts of Europe, 
indertook the cure of paralytics, the dumb, the blind, &c^ 
^e have a collection, in three volumes, by M. Sauvages, 
lOtof these cures, for there are few to which that appella- 
ion belongs ; but of the progress of this application of 
lectricity. There were some however very well esta- 
blished, such in particular is that of a young man of 
ïokhester, to whom Mr. Wilson restored the use of his 
(ye-sight, which he had lost after a violent fever. In 
egard to the greater part of the rest^ the application was 
f no eflect. 

It cannot however be denied, that on the first application 
if the electricity, the patients in general experienced some 
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relief. Paralytics felt, in the palsied part, a kind of heat 
and pricking, which seemed to announce tlie return of 
sensation; the blind sometimes saw sparks of light : butin 
general nothing farlher took place, and these beginnings, 
which seemed lo promise the greatest success, were not 
followed by happy consequences. 

Some Italian philosophers have asserted something more 
marvellous. About the year 1750 they announced, at 
Padua, that electricity exalted and attenuated odours to 
such a degree, that they passed through glass ; that pur- 
gative drugs put into a vessel carefully, and hermetically 
scaled, produced their etfcct on the person who held the 
vessel in his hand, while it was electrified. This no doubt 
would have been a noble discovery in medicine: but un- 
fortunately this pretended discovery, announced with 
great solemnity to all Europe, vanished entirely before 
the enlightened eyes of the abbé Nollet, whotindertook a 
journey to Italy to examine it. He found, at least, that 
there was precipitation and misconception in all these fine 
assertions, wliich could not be realized in his presence. 
Having repeated the experiment himself several times, in 
his closet, he never found that the most penetrating odour 
passed through the pores of a glass vessel, when propèriy 
closed, whether electrified or not electrified ; and the case 
-was the same with the purgative emanations of cassia and 
rhnbarb. 

M. le Roy, one of the French philosophers, who cuiti-' 
vated this branch of philosophy with the greatest care, 
was induced to try the effects of electricity on some of 
his patients ; the first of whom had been afflicted with a 
hemiplegia for three years; another with a gntta serenaf 
and a third with deafness. The electric matter conveyed 
■ several times through the palsied parts of the first, seemed 
in the commencement to revive sensation ; the patient 
perspired a great deal, an effect which could not be pr3— 
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imI by all the medibines before administered to him. 

fer being electrified four or five months, sensation and 

power of motion returned to the palsied fingers, and 

^tient could lay hold of a glass, and convey it to his 

ith, he could even raise a weight of 40 or 50 pounds ; 

this commencement of a cure was all that could be 

iKed ; and as the patient received no additional benefit 

s'a continuation of the same treatment, for four months 

ID, it was laid aside as entirely useless, 

L le Roy received as little satisfaction in regard to his 

1 patient, though in order to free the optic nerve from 

bstruction, he had invented an apparatus, by means of 

ih he gave him gentle shocks through the head. The 

sht, at the moment of the electric explosion through 

lead, perceived a flash, but after the electricity had 

r applied some months, M. le Roy became tired, as 

re, of administering a useless remedj'. 

he patients labouring under deafness were not more 

mate. M, 1^ Roy directed the electric fluid from one 

o the other. Ât each shock a kind of noise was heard 

e bead, which one of them compared to all the petards 

', Grève. But the auditory nerves were not cleared, 

iras the deafness removed. An account of the treat- 

; of these patients may be seen in the Memoirs of the 

emy of Sciences, for the year 1755. 

è have ]:ead, somewhere in the Philosophical Trans- 

08, of an intermittent fever being cured by electricity. 

is not impossible ; as the electricity, by accelerating 

lotion of the fluids, might act as a tonic. 

me years ago, the abbé Sans^ caiion of Perpignan, 

anced at Paris several cures which had been per- 

îdin his country bj^ electricity. He published them in 

fcicular work, with various certificates annexed; but 

derations on M. de la Condamine, attacked with total 

ability in one half of his body, and total deafness, were 
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attended witli no effect. These iiiiirmities indeed had takm 
loot for several years, and therefore it would have been 
unjust to require success in any attempt made to remove 
them. But we never heard that this electrician had ever 
much success at Paris. 

To conclude, it appears to us that too great hopes 
were at 6rst conceived in regard to the application of 
electricicv to such diseases; but that it was not entirely 
without effect, and that in recent cases it might be tried 
with some hope of success. The rheumatism, according 
to M. le Roy, seemed to appose the least resistance to this 
remedy, which perhaps acted by re-establishing perspira- 
tion. He obtained profuse sweats to the greater part of 
liis patients. In short, there can be no doubt that it oc- 
casions in the buman body an universal orgasm, which 
under certain circumstances might be critical and advao' 
tageous. 

EXPERIMENT XXX. 

Natural and minimal Electricity. 

During cold weather, lay hold of a cat, and draw yonr 
hand over her back several times, in a direction contnrj 
to that of the haii* ; by these means you will often excite 
very strong sparks, which will emit a snapping noise. 

Remark. — This however is not the only animal whkk 
exhibits the electric phenomena by friction : even men, 
under certain circumstances, emit sparks which are abso- 
lutely of the same nature. There are few people to wboii. 
this circumstance is not known by experience. It is dai* 
ing cold winters, and after being well heated, that they. 
exhibit this phenomenon. On these occasions, if they 
throw off their shirt in the dark, sparks more or less vivid, 
and accompanied with a sensible snapping, will ibsue from 
it. Some, in consequence of a particular temperament, 



more subject to this phenomenon than others. In aU 
bability^ these persons are very hairy; for hair, as it 
troaches the nature of silk, is electric by friction ; and 
9rding to every appearance it is the friction of the dry, 
m linen, against the hair, which is also dry and warm, 
; produces this electricity, and the sparks which ac^ 
ipany it. In combing a person^» hair of a morning, in 
frosty weather, it becomes very elastic, and manifesto 
Bg signs of electricit3^ 

liëse luminous appearances were formerly classed 
i>g the phosphoric phenomena; but since the hew 
Dveries in electricity, there can be no doubt that they 
ng to the latter. 

would have been easy for us to enlarge this part of 
Philosophical Recreations much more, by introducing 
it 9 great number of other carious and surprising ex- 
ments relating to the theory of electricity; but as we 
b confine ourselves witliin narrow limits, we shall con- 
e this part with a list of the principal works to which 
3 who are desirous of obtaining a thorough knowledge 
ectricity may recur. Of this kind are Essai sur rElec-" 
•é de M. I* Abbé follet, and in particular a work entitled 
\erches sur les Causes particulières des Phénomènes 
figues et sur les Effets nuisibles au avantageux qu*on 
en attendre, Paris 1754, Idmo ; and to these may be 
é Lettres sur P Electricité, S vols. 12mo. Though the 
Uinian theory seems, in general, to have many more 
isans than that of the abbé NoUet, it must be allowed 
the latter applied to the study of fhis branch of 
€e with the greatest success. Besides the abovCy^'we 
refer also to various memoirs of the same author, in 
b he discusses the theory of Dr. Franklin, published 
le Mémoires de P Académie, for 1755 and 1760, &c ; 
Recherches sur les Mouvements de la Matière électrique, 
M*. Doutour, 1760, 12mo. These are the best of the 
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works in which the theory of the French philosopher is 
illustrated and defended. 

The Frankiini»n theory was made known for the 6rst 
time, in France, by a work entitled Expériences el Oher- 
vatiom mr F Electrkiti, faites à Philadelphie en Amérique 
par M, Benjamin Franklin, Paris, 1756, 12mo; translated 
from the English. We have since seen an edition of Dr. 
Franklin's works, in two vols. 4to ; tlie first of which con- 
tains ali his experiments, and a great many interesting 
facts in regard to electricity. From these works the reader 
may soon acquire a sufficient knowledge of the theory of 
electricity. We ought to add also diflerent memoirt of 
M. le Roy, one of the principal partisans of Dr. Franklin, 
published in the Mémoires de V Académie, for IVSt, &c. 
A very interesting work also on this subject, is a treatise 
hy Father Beccaria, entitled Dell' Electricis»io naturalei 
arl^cialc, which appeared at Turin in 1759, 'Ito. It con- 
tains experiments which are strongly in favour of the 
Frankhnian theory, and a great many new observation» 
concerning the electricity of the clouds. We must not. 
here omit to mention, that Father Beccaria is one of thos^ 
philosophers who were most successful in cultivating the 
science of electricity, und that he discovered a number of 
new and very extraordinary phenomena. In some of the 
volumes of the Philosophical Transaciùms, likewise, are a 
' great many curious papers on different electric phenomeo^ 
by Mr. Nairne and Mr. Wilson, Drs. Lind, Watson, &c; 
but it would be too tedious to particularise them. 

In the year 1752, a work entitled Histoire de P Electricité, 
was publbhed in three small vols, duodecimo. The author 
has collected pretty well every thing that had been daw 
or said in regard to electricity before that period ; but 
intermixed with insipid witticisms and illiberal sarcasms- 
Since that period however, Dr. Priestley, one of ite 
ablest of the English philosophers, has given a new History 
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of Electricity J which is much better, and more instructive. 
A French translation of it appeared at Paris in 1771, 3 
vols. 12mo« To these we may add the following works : 
Adams's Essay on Electricity, 8vo. 1787. A complete 
Treatise on Electricity by Cavallo, 3 vols. 8vo. And a 
learned work on the subject, in 4to. 1779, by Lord Mahon, 
now Earl Stanhope. 
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Chemistry. 

ÎOSE who ate only initiated in chemistry must Con- 

^e an idea of this science very different from that which 

ntertained by the vulgar. According to the common 

8 of mankind, chemis^y is the chimerical art of trans- 

JDg metals, or at most of producing some extraordinary 

nomena^ rather curious than useful. But in the eyes 

be philosopher, to whom it is known, it is the most ex- 

ive and most interesting of all the branches of natural 

osophy. We may even venture to assert, that it is 

btful whether the appellation of a great philosopher 

be given to any person unacquainted with chemistry. 

at least certain, that though without its assistance we< 

account for some of the phenomena of nature, such as 

notion of the celestial bodies, the effects of the gravity 

le air, &c ; yet there are a far greater number which 

be explained by chemistry alone. Indeed chemistry 
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is not less extensive than nature itself. Animals, yege« 
tables, and minerals, all fall within its province. It is it 
that analyses them, combines their «principles, examines 
the phenomena resulting from them ; and thus renders us 
more intimately acquainted with their nature. Hence are 
deduced a multitude of useful processes; so. that it may 
with truth be said, that many of the arts are nothing else 
than a continual application of chemistry. Of this kind, 
are the arts of glass making, dyeing, metallurgy, &c. We 
may even add, that the most common of the arts, those that 
are most necessary, are often chemical processes ; such, for 
example, is that of washing ; respecting the truth of which 
the person who practises it entertains no doubt ; though 
still it is an operation which chemistry alone can explain. 
This explanation consists in the property which fixed 
alkalies have of rendering fat substances soluble in water, 
and of forming a soap with them. Those who know that 
one of the first operations of this art is to soak the linen in 
a kind of ley, made of wood ashes or vegetable fixed alkali 
(pot-ash), will readil}' be convinced of the truth of what we 
bave advanced. In this part of our work we need not ad- 
duce any other examples. 

Chemistry also, of all the branches of philosophy, ex« 
hibits the most singular and most curious phenomena. Who 
will not be astonished to see iron filings, immersed in a 
liquid as cold as itself, immediately produce a violent 
ebullition, and vapours susceptible of inflammation ? Ca& 
any one, without admiring the operations of nature, see 
this metal, so solid, afterwards destroyed in some measure 
by the above fluid, and united with it in such a manner^ 
as to pass with it through the closest filtre i Who will not 
be filled with wonder, on seeing another limpid liquor 
suddenly dissolve this union, and cause the iron to fall to 
the bottom of the vessel, in the form of an impalpable 
powder ? It is needless, and would require too much time. 
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to enumerate here any more of these phenomena, as we 
shall hereafter give a particular account of those that are 
the most remarkable and most interesting^ But it will first 
be necessary to bring the reader acquainted with the prin- 
cipal substances employed as agents in these operations. 

# 

ARTICLE I* 

Of Salts. 

The name saltSy or saline matters^ is given to all those 
bodies which, when immersed in water or exposed to damp 
air, resolve themselves into liquids : of this we have an 
example in the well known marine salt, in nitre or salt- 
petre, in alum, vitriol, tartar, sal ammoniac, &c. When 
immersed in water, these disappear^ and become intimately 
mixed with the whole liquor. This is what is called solu- 
tion or dissolution. 

Salts, to be dissolved entirely, require a greater or less 
quantity of water, according to the nature of them. Marine 
salt, to.be dissolved entirely, requires twice its weight of 
water; alum, twelve times its weight; selenite, six or 
seven hundred times, &c. 

Though acids, alkalies, and their mixtures, generally 
speaking, are calleji saline substances, it is necessary in 
chemistry to consider them sep^irately, in order to obtain 
a knowledge of their principal properties. 

§ I. Of Acids. 

We shall not here say, with the author of the Diction» 
naire de Physique portatif^ y and some of the old chemists, 

* .According to this author^ iron is composed of ritriol, sulphur and earth ; 
fermentation is a movement occasioned by the introduction of acids into 
alkalies: when alkalies coagulate they form crystals: sulphur is an in- 
flammable mijcture composed of fire, orf, water and earth; copper is a 
compound of sulpbar> vitriol, &c. ! ! 

VOL. IV. Z 
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that an acid is formed of long, sharp and cutting particles ; ] 
for nothing is more destitute of foundation; and by the 
help of such a definition it would be impossible, in an | 
apotlii;cary's shop, to distinguish an acid from an alkali, 
or from a neutral salt. The following is a more correct 1 
dfscription. 

Acids in general hare a liquid form, and leave on the 
tongue an impression of sourness and coldness. They I 
possess also the properly of changing the colour of blue I 
■vegetable juices to red ; and they combine readily with I 
alkalies, earths and metals, with which they form neutral J 
salts. 

To try an acid by vegetable colours, take syrop of 
violets, or blue paper, and pour the liquid acid over it: 
the violet or blue colour will soon assume a red hii6 i 
When any licjuid therefore, poured over syrop of violeti | 
or blue paper, changes the colour to red, we may beu> [ 
sured tliat it is an acid, or that an acid predomintlK I 
in it. 

Acids are by modern cliemists divided into i 
vegetable, and animal, accordingas they are derived fna 
one or the other of these sources. 

The old chemists were acquainted with no more riun 
three mineral acids, namely the vitriolic, the nitriciud 
the marine, ao called because obtained from vitriol, niire, 
and marine salt. The mineral acids now kno\vn are mnA 
more numerous. These acids are the sulphuric or vitrioiiii i 
the nitric, the muriatic or marine, the carbonic, thol» f 
racic, the fluoric, the succinic, the arsenic, the molybliti / 
and the tungstic. 

The vegetable acids are also now pretty nmnowl 
The following are known : the acetic acid, or pure vl^M 
gar ; the tartareous, extracted from tartar ; the g^M 
from gall-nuts ; the citric, from lemons ; the malic, fr*ff 
apples ; the benzoic, from flowers of benjautin ; the a^M 
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thoric, from camphor oxygenated to acidity j the pyro- 
irtareous, the pyroligneous, and the pyromucous. 
The three last mentioned, however, have recently been 
roved to be merely acetic acid, rendered impure by em- 
yreumatic oil*; and ought therefore to be no longer 
bnsidered as distinct acids. 

The foUowing animal acids are known: the phosphoric, 
r phosphorus and oxygen in union to saturation ; the 
€tic, obtained from milk ; the sacoholactic^ extracted 
iOm sugar of milk ; the formic, from ants ; the sebacic^ 
cm fat ; the bombic, from silk- worms ; the uric, from 
le human calculus ; the prussic, which is the colouring 
atter of Prussian Ji>lue. rr 

Acids formerly were considered either as simple bodies, 
' various hypotheses were admitted iu regard to their 
igin and composition. It is now however proved by ex- 
priment, that every acid consists of a .peculiar body 
mbineB with oxygen, which is the basis of oxygen gas, 
d thence has been called oxygen^ that is the generator 
acidity. The bodies which enter into union with oxy- 
Sly and form acids, are called the radicals, or bases of 
e respective acids, which they constitute. 
When the bases are perfectly saturated with oxygen^ 
ft acids are called perfect acids, and are denoted by the 
rmination iCj to distinguish them from the imperfect 
ids, in which the bases predominate, and to which the 
nination am is given. Hence we have nitric and 
téuSy sulphuric and stdphurous acids, &c. 
Borne bases can combine with an excess of oxygen ; the 
ids thence resulting are called oxygenated or oxygen* 
d. 

Of the' Vitriolic acid. 

ê 

f he vitriolic or sulphuric acid, the most powerful of all, 

* See Pb'ilosopb. Magazine, vol; %, p. 40. 

Z2 
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is furnished by vitriol eitber groen or blue, or by alum, fot 
vitriol is a salt formed merely by the combination or union 
of an acid with iron, and copper; alum, in like manner, 
is the combination of an acid with argillaceous earth ; and 
experience has shoirn that the acid in these three sub- 
stances is absolutely the same. 

It will be sufficient here to observe, that the acid is ch- 
tracted by means of fire. These matters are inclosed, with 
certain precautions, in a retort, and being exposed to a 
strong fire, the violence of the heat obliges the acid, 
which is susceptible of being reduced to vapour, to aban- 
don the metal or earth, to which it was united, and to 
pass over into the receiver in the form of a hquid. 

Another method, still more simple, of obtaining the 
vitriolic acid, is by the combustion of sulphur ; for it has 
this substance for its base, and on that account it is notv 
known by the name of the sulphuric acid. 

If sulphur be burnt slowly under a bell glass, the fumes 
arising from it will be condensed on the interior surface of 
the vessel, and run down in the form of a liquid, which 
will he au acid with an excess of base, that is sulphurous 
acid. In this process, the sulphur, by its combustion, re- 
ceives oxygen from the atmospheric air, which is a mix- 
ture of oxygen gas and azotic gas, and at the same tiow 
moisture, which enables it to assume the liquid form. 

In the large way of manufacture, the sulphuric acid a 
obtained by burning sulphur with the addition of a little 
nitre, in an apartment lined all round with lead, a metal 
, on which that acid exercises little or no action. The floor 
is covered to some depth with water, and the aperture or 
door is shut as soon as the materials are inflamed. Tbe 
nitre is employed to facilitate the combustion. The nitric 
acid, one of the principles in the nitre, is in a great mea- 
sure decomposed, and gives up its oxygen to tlie sulphur, 
which by this supply, and the oxygen it derives from the 
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air In the room, becomes acidified. When the combustion 
is over, and the fumes have had sufficient time to be ab- 
K>rbed by the water in the apartment, the door is opened 
to admit a fresh supply of air, and to introduce a new 
charge of sulphur and nitre, which is deflagrated as be^ 
ibre. This operation is successively repeated for several 
vireeks, till the water, now mi^ed with acid, is found by 
examination to be of a certain specific gravity. The fluid 
s then distilled pr simply boiled, which drives ofFa portion 
)f the redundant water, and leaves the acid in a concen- 
rated state. When this is properly done, its weight is 
squal to about double the weight of an equal volume of 
?ater. • 

The vitriolic acid is th,e most powerful of all, and is able 
o separate all the others from their combinations with 
dkalies, earths, jand metals. In a subsequent article we 
ball give some experiments to illustra^ this chemical 
)lay, which is exceedingly curious, and the cause of a 
bousand singular eflects in nature. 

Of the NitroUrS acid. 

Nitre or saltpetre, a substance well known, furnishes 
he nitric acid. Saltpetre indeed is the result of the union 
if this acid with a matter to which chemists give the name 
ifyred vegetable alkali , because the ashes of vegetables 
ield the same substance. They are separated from each 
tther by processes which it is not our object here to de- 
cribe; and in this manner is obtained a liquor called 
iirous acid; from which the nitric acid is procured merely 
y separating, by means of heat applied to it in a proper 
pparatus, that portion which has not been fully saturated 
/ith pxygen. It is lighter, and in general less active than 
he vitriolic acid. It is commonly of a dark yellow colour ; 
nd when well concentrated, continually emits reddish 
apours, which seem to circulate in the vessel that con- 
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tains it. The ratio of its weight to that of water is then 
as 3 to 2. 

The nitrous acid, when in a moderate state of concen- 
tracioii, is called also aqaaforlis. It is the proper solvent 
of silver and copper. When fully saturated with oxygen, 
or in the state of Nitric acid, it is colourless. 

Of the Marine or Muriatic add. 

Marine salt, so generally emplo3'ed and so well known, 
13 the substance from which the marine acid is extracted ; 
for common salt is a combination of this acid with a sub- 
stance called by chemists the fixed mineral alkali, or soda. 
They are separated from each other by certain processes, 
and the li<^uor thence resulting is marine or muriatic 
acid. 

The marine acid has characters and properties, which 
render it very distinct from the two preceding ones. In 
its highciit state of concentration it is only a little heavici' 
than water, being in the ratio of about 1 9 to 1 7. Its colour 
is a lemon yellow, and its smell approaches to that of 



Remabk,— To enter into a particular account of all the 
mineral acids, would require more room than the nature 
of this work will admit; and it is the less necessary, at 
information respecting them may be found in almost erery 
work on chemistry. 

Of the Fegetable acids. 

The preceding remark must be applied also to this clasj 
of acids, as we mean to confine ourselves to the acetous, 
wbic^ is well known. Vinegar m'ay be deprived of its 
superfluous water in a great many different ways; and in 
this state its strength is little inferior to that of many of 
the mineral acids. 

The following is a simple method of concentrating it. 
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spose vinegar to the severe goM dnriog winter : it wiU 
len in part freeze, and if the ice be removed, the re» 
ainder will be vinegar of a much superior quality. By 
ipeating this operation several times, you will obtain 
negar more highly concentrated, as tlie cold has been 
ore intense. Artificial cold may be afterwards employed^ 
id in a much greater degree than the greatest cold ever 
:perienced in our climates. 

§ II. Of Alkalies. 

Alkalies are divided into fixed and volatile» The former 
ive no smell ; the latter have a pungent and penetrating 
lour. The general properties of pure alkalies are : 
1st. That they have a peculiar caustic or burning taste^ 
rmed alkaline. 

2d. That theyv change the blue juices of vegetable^ 
een ; the^yellow infusion of (urmeric, brown; and the 
d infusion of Brazil wood, violet. 
Sd. That combining with acids they form neutral 
Its. 

When a liquor therefore poured over syrops or i^ 
sions of the above kind, or upon paper that has been 
iged with them, changes the colour in the manner de« 
ribed, it is alkaline, or an alkali predominatesjn it. 
Jilkalies however are seldom pure in the strict sense of 
s word,^ being generally combined with carbonic acid, 
fixed air ; and in this state they are termed mild^ to di* 
Dguish them from caustic or pure alkalies, that is al- 
lies which have been freed from the fixed air. 
The common method of depriving them of their fixed 
* is by throwing into an alkaline solution, or ley, a quan- 
Y of quick lime. The lime by its greater affinity for the 
ed air, seizes on it, and leaves the alkali in a caustic 
Lte : for limestone or chalk is pure lime saturated with 
ed air^ which it gives up when exposed to a strong heat ; 
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and it is then called quicklime. When saturated with the 
carbonic acid or fixed air, from the alkah, it again be- 
comes miicl iinae or chalk, and falls to the bottom of the 
vessel. 

( 
Ofji.ired alkalies. 

There are two kinds of fised alkali, namely, the mineral 
or soda ; and the vegetable or potash. They are called 
fixed, because, though exposed to a strong beat, they are 
not dissipated, but fuse like metals, anil like tlieiu can en- 
dure a red heat. They facilitate the fusion of stones, earth 
and sand ; and for tbis reason are much used, especially 
the first, in glass-houses. They are both of extensive use 
in the arts. 

Fixed mineral alkali is obtained from marine salt; for 
when this salt is deprived of the acid which enters into ils 
composition, the remainder is fixed miserai alkali, but to 
extract it from this substance requires a tedious and e# 
pensive process. The most common method of obtaining 
it, is to burn certain plants which grow on the sea coast, 
oi are washed on shore by the tide. Of this kind is the 
plant kali or glass-wort, from which the denomination of 
alkali is derived, and various other marine plants, sucb as 
varec or sea-wrack, _fuci, &c. The ashes of these plants 
contain abundance of fixed alkah, which may be extracted 
and purified by lixiviating them, and then evaporating the 
ley. This is what is known in commerce under the name 
of soda. 

Fixed vegetable alkah is commonly obtained by tbR 
combustion of the greater part of other plants, and' of 
wood, sucb as common fire wood. A great deal is made, 
in this manner, in.dificrent forests, where immense quao- 
lities of wood are burnt for that purpose in pits ; tlie ashes 
which remain contain abundance of this fixed alkali, known 
in the shops under the name of potashes. By lixiviating 
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m, and then evaporating the ley, an alkali much more 
ive may be obtaiued. 

Another method of obtaining fixed vegetable alkali, 
eh purer, is to employ wine lees, and the tartar which 
leres to the sides of wine casks. These substances are 
med into packets or masses of the size of the fist, and 
n burnt until they have assumed a white colour. By 
se means very pure fixed alkali may be produced. It 
:nown in the shops under the name of salt of tartar y or 
%li of tartar. It is absolutely the same as common pot- 
. In this state however they are not entirely free from 
)mbination of carbonic acid. 

7he two fixed alkalies, the vegetable and mineral, differ. 
n each other principally by one peculiar property. The 
d vegetable alkali attracts the moisture of the air so 
ngly, that to preserve it in a solid state it must be put 
' well closed vessels. If left exposed to the air, it deli- 
aces of itself, and in this state is called oil of tartar per 
juium; an appellation very improper, for it is not an 

^n the other hand, fixed mineral alkali, instead of at- 
ting moisture^ loses its own, and effloresces; that is, 
; into dust; and for this reason it can be preserved with 
îh more convenience than the other. 

Volatile Alkali, 

'bis alkali, or ammonia, is produced by the combustiçn 
lost animal matters, or by the putrefaction of animal 
egetable substances. The smell of putrified bodies is 
ig to the alkali disengaged from them during that 
"ation, by which nature reduces them in some mea- 
to their first principles, in order that they may serve 
lew' compositions. The strong odour which proceeds 
I privies is a highly volatile alkali. It is called volatile 
use a heat, inferior even to that of boiling water, is 
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sufficient to disperse it in vapours, which always discovtfra 

themselves by their penetmting smell* I 

^ in. Of Neutral Salis. 

When a salt is neither acid nor alkaline, if it neither 
turns syrop of violets or blue paper red or green *, it is 
called neutral. The reason of this appellation is evident. 
Of this kind are marine salt, nitre, the dififerent species of 
vitriol found in a natural state, and various other salts, both 
natural and iirtificial. 

A neutral salt consists of an acid comhined^ith an al- 
kali, an earth, or a metal. We shall here give a few ex- 
amples, enumerating tbc most common combinations of 
the three principal mineral acids, with different sub- 
Btance.'i. 

Thus, vitriolic acid, combined with zinc, forms white 
vitriol (sulphate of zinc) ; 

With copper, blue vitriol; ^J 

With iron, green vitriol ; ^^ 

With argillaceous eanh, alum ; 

With calcareous earth, selenite ; 

With volatile alkali, ammoniacal vitriol; 

With fixed mineral alkali, Glauber's, Epsom, or Seidliti 
salt; 

With fixed vegetable alkali, vitriolated tartar. 

Salts so formed are called sulphates ; as sulphate of 
iron, of copper, of zinc, of ammunia, Sec, according u 
one or other of these substances is united with the acid. 

The nitric acid, combined with fixed TegetiU)le alkali, 
forms nitre ; 

With fixed mineral alkali, quadrangular or cubic nit»; 

With volatile alkali, a nitrous ammoniacal salt ; 

* This rule it liable to some exceptions. It niit; b«M'«v«r be rollouM 
witbout inj dapger of much mislukc. 
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/"ith silver, a peculiar salt fustible by a moderate heat, 

ivn under the name oï lapis infcmalis^ on account of its 

ticity. 

hese combinations are called nitrates of the substanceà 

^d to the nitric acid. 

he marine acid, combined with fixed mineral alkali, 

« common marine salt, or muriate of soda ; 

^ith fixed vegetable alkali, febrifuge salt of Sylvius, or 

ate of potash : 

Ith volatile alkali, sal ammoniac ; 

1th mercury, if digested on it long enough to oxidate 

netal completely, it forms corrosive sublimate, 
hen this muriate is not perfectly saturated yi'iûi oxy- 
it forms a salt sailed mercurius dulcis. 
I neutral salts, composed of marine or muriatic acid, 
)ined with alkalies, earths, or metals, are called muri- 
ne vegetable acid, called the tartareous, combined 
fixed vegetable alkali, forms tartar : 
ith fixed mineral alkali, the salt called vegetable salt, 
\ettes salt, or Sal polychrest : 

etic acid, ^hen combined with vegetable alkali, forms 
called foliated tart h of tartar (acetate of potash) : 
ith copper it forms verdigris (acetate of copper) ; a 
rell known in commerce, and a violent poison : 
ith lead it forms a salt called saccharum satumi 
ite of lead), which is also a poison and employed in 
Cts. 

ith mercury, acetate of mercury, a salt of great use 
ies of syphilis. 

s shall confine ourselves to this brief account of the 
mown compositions of the different acids with differ- 
ubstances* The number however might have been 
lerably increased ; for every acid may be combined 
ilmost all the alkalies, earths, and metals. 
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ABTICLE TI. 

0/ Oxj/gen. 

We liave already bad nccLslon to mention tbis siibslanec, 
for a lirinwFcilge ot «hicli we are indebted to modern 
cbptr.i>ir\ . l! h.is neïer been obtained alone ; but its pre- 
sence iinil efTucts arc now so wifll known, tliat its e^iistence 
may be considered as denionstrated. We shall here ob- 
serve that almost all the phenomena explained formerly, 
by admitting the agenc}' of an ideal principle, to which 
the oM chemists gave the name of phlogiston, are now 
known to be produced by a play of chemical affinities, in 
ivbich oxygen performs a conspicnoiis part. Thus, for 
example, in h bat used to be called the calcination, but now 
tlie oxydalioH, of metals, it was believed that the metals 
partiid witli phlogisloii, [t is however shown by experi- 
menr, that instead of purling with any thing, they receije 
an increase of weight ; and it is known also, by taking pro- 
per care to jjerlorm the experiments in close vessels, that 
the iiir nut only loses in its volume, but sulfers also a di- 
mitiutiun of its iveight equal to what the metal has gained 
But besides, the oiygen may bt; ag^iin separated from the 
Dictai, which yields a quantity of gas eqnal in iveight 
and volume to what had been taken from the air by the 
metal. 

The oxygen gas, thus separated from an oxide, is found 
to be that part of the atmosphere which serves for respira- 
tion J it is therefore called also vital air. When a metal, 
snch as mercury for example, has been converted into an 
oxide, by ex posure with heat, to atmospheric air, in a close 
vessel, the air which remains after all the oxygenous part 
has been taken i!|) by tlie metal, is found to be a suffocat- 
ing gas, dialinguishcd by the name of azotic gas. It is not 
only unfit for respiration, but incapable of maintaining 
combustion ; whereas oxygen gas, which may be separsteu 
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1 the oxide of mercury, or of manganese, 8tc, k better 
)ted for promoting combustion than atmospheric air 
F; so that many substances, which will not inflame in 
tnon air, burn with great violence in oxygen gas* We 

mention one for the sake of illustration. If a piece 
oall iron wire, with a bit of lighted tinder to begin the 
bustion, be introduced into a vessel containing oxygen 

it will burn with much greater intensity than flax or 
m, even though dipt in oil, will do in atmospheric 

om this, and other considerations, which it would be 

edious here to enumerate, it is inferred that the oxyV 

in calces or oxides, in acids, and in all other combina- 

, the gaseous ones excepted, is in a concrete state ; 

bat in the gaseous stale it is united to something else, 

îly the matter of heat, or of light, or of both ; and 

this theory the process of combustion is thus ex- 

ed : during the process, the oxygen of the oxygenous 

of the atmosphere unites itself to the burning body ; 

he heat and light which were united with the oxygen, 

vhich held it in chemical solution, are liberated, pro- 

ig that phenomenon commonly called burning. The 

and light therefore are not furnished by the burning 

, but by the air. 

hen carbonaceous matters, such as coals,. wood, &c, are 
oyed in the process, a portion of the liberated heat is 
taken up by a new gas which has been formed, namely, 
nic acid gas or fixed air, which we have already had 
ion to mention ^^, It is the same, in every respeot, 
J gas that may be separated from limestone or chalk, 
posing it to heatl The matter of heat or caloric gives 
Ï* gaseous form ; and oxygen communicates to it its 

lere are a variety of gases which all differ in many of their proper« 
»m common air; but to enter upon them would extend the present 
beyoud the limits which must he allotted to it» 



350 CHEMISTHY. 

acid properties. âU acids indeed, as already mentioned 
are indebted tor their acidity to oxygen. Acidifiable bases, 
fully saturated with oxygen, produce acids; others, sucli 
as the metals, become oxides ; but if means could be 
devised to saturate them completely, it is probable they 
would all produce acids. Some of them indeed have been 
brought to this state. 

Having had occasion, in speaking of the vitriolic acid, 
to mention the part which oxygen has in the formation of 
acids, it is needless to say any thing farther on tl 
subject. 



0f4^mlics. 

It tH also necessary that we siiould here say a few words 
respecting affinities; as they are a key nhich serves to 
cïfplain a great number of chemical compositions and de- 
compositions. 

Affinity is the force with which two substances tend to 
combine and maintain themselves in a st,ite of union. Thus, 
for example, if vitriolic acid be poured over chalk, it 
drives out the carbonic acid, or fixed air, before united to 
it ; lays hold of the calcareous earth ; combines with it, 
and forms a mixture which is neither earth nor acid ; but 
if fixed alkali, whether vegetable or mineral, be added to 
the solution, the calcareous earth will be expelled from its 
place; the vitriolic acid will seize on the fixed alkali, 
abandoning the former, and will thus form a new salt— <id 
^kaline sulphate. 

The tnolecube of the calcareous earth, and those of the 
vitriolic acid, have therefore a stronger tendency to unite, 
than those of tlie same e<irth and c;irbotiic acid.' The 
union is so pcriect. That tiie fluid, t.'miigh one of the in- 
gredients m the comjjiiunl l)e an ejith, passes through a 
filtre. Aud hence it appears, thjt thLs result is not a mere 
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sion and interposition of the particles of the stone, be-* 
sn those of the solvent, as was supposed, and is still 
Bved by some, who are not acquainted with the princi- 
t of chemistry. But, we might ask such persons, why 
the particles of iron, dissolved in an acid, maintain 
nselves in the liquor, notwithstanding their excess of 
îific gravity ? for, according to their philosophy, this 
lexplicable. But if each particle of the iron be united 
ach particle of the solvent, the difficulty will vanish; 
if we admit this principle, and also an inequality of 
e in the above tendency, all the phenomena of chemistry 
' be so easily explained, that the existence of such a 
e in the particles of bodies cannot be denied, 
esides, we have positive proofs of the force with which 
shed surfaces adhere, independently of any surround- 
fluid. Nothing then is more natural, than to conceive 
nilar force between the minute particles of bodies: it 
be sufficient to suppose them to have small facets of 
srent forms and sizes, by which they adhere with a 
e that may be subject to very complex laws ; since it 
^ depend on the extent of the facet, the density and 
a of the particle; for these may produce a great, many 
ations. 

^hese affinities or tendencies are indeed very unequal, 
by way of example we shall observe, that the force 
1 which calcareous earth combines with vitriolic acid, 
OS than that with which it combines with any alkali. 
tbis account an alkali may be substituted instead of 
areoas earth. All acids, in general, have inore affinity 
alkalies than for calcareous earths ; for the latter than 
metals ; and for some metals, than for others ; which 
lisheg an easy method of decomposing certain mixtures, 
he course of this part we shall give a few curious and 
ructive examples. 



Solution and Precipitation. 

Sulutioji is an operation, by which a Haiti combines with 
the molcculrc of ii soiid, or of another fluid ; so tbat eacli 
particle of tlic one contracts an adhesion with each 
partictr, of tlic other. This union or adhesion is produced 
by the affinity of these particles for each other ; because, 
if a greater or icsa affinity does not exist, there can be no 
solution. 

Solution do(?s not consist in a mere attenuation of the 
botly dissolved, and an interposition of its moleculss be- 
tween tiiat of the fluid. When there is only an interposi- 
tion of thi^ kind, a separation soon takes place. 

Precipitation Is effected when the inoleculœ of the dis- 
solved body, being abandoned by the solvent, fall to the 
bottom of the liquor, Tliis happens sometimes in conse- 
quence of a mere diminution in tlie force of the solvent, 
produced bj- diluting it with a great deal of water ; but it 
is produced, for the most part, by presenting to the solvent 
some body for which it lias a greater affinity than for the 
body already dissolved. For example, if a fixed alkali be 
poured into nitrous acid, holding in solution calcareous 
earth, the acid will seize on the alkali, on account of its 
greater affinity, and will abandon the earth, which will 
fall to the bottom of the vessel. 

At other timeii, precipitation takes place, in consequence 
of presenting to the solution a body which, by combining 
with the dissolved body, forms a new mixture, insoluble 
in the solvent. Of this we have an example in the follow- 
ing operation : If calcareous earth be dissolved in nitrons 
or marine acid, on pnuring into the solution vitriolic acid, 
the latter iviil seizt^ on ihe earth, and form witii it sulphate 
of lime, well knoivn under tlie name of selcnitc. But as 
selenitc is not .soUiblc in thesu ^.ciJj, nor even in water. 



less ît be in very large 'quantity , it falls to the bottom* 
ie same thing takes place when vitriolic acid is p<!mred 
o a solution of mercury in nitrous acid : the particles 
scipitated form what is called white precipitate. 

ARTICLE V. 

Effervescence and Fermentation. Difference between 

them* 

!4otbing is more coopmon than for those who have but 
le knowledge of chemistry to confound these two phe» 
Bena ; which however are essentially different : and it 
$t be allowed that, till witliin a few years, the French 
imists confounded these terms, though they did not 
ffound the operations which they denote^ . 
effervescence is the motion, accompanied with heat^ 
ich often takes place during a solution. Thus, for ex- 
pie, when a little nitrous acid is poured over copper- 
igs ; or when vitriolic acid is poured over those of iron; 
ivhen a small quantity of the same acid is poured qver 
:areous ear^h^ a violent ebullition is excited, till thç 
ibination is formed, when the commotion subsides, and 
liquor becomes transparent* Such, in a few words, is 
rvescence*. Hence it is said that acids, iti general, 
rvesce with alkalies^ with metals^ and with calcareous 
hs. 

lut fermentation is entirely different \ it is the intestine 
spontaneous motion, produced in certain liquors, ex- 
ted from vegetable matters; and which, from being 
et and insipid, renders them spiritous and vinous. 
û^ for example, or the expressed juice of grapes, is 

[a this case, one of the gassf i, alladed to in à former note, \% produced^ 
ly> \yaTogien gas or inflammable air. It has the property of burning 
once inflamed : if mixed with atmospheric air, and then set fire to, it 
ées like gnnpowderv 

91». IV. A A 
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not wine; there is not a single drop of spirit in it; bat 
when exposed to a moderate heat, a play of affinities takes 
place, by which the liquor becomes turbid of itself, i» 
internally agitated, throws up bubbles, which are found 
to be fixed air; and when the disengagement of these 
bubbles ceases, it is entirely a new litiuor, spiri tous, in- 
toxicating, 8tc. The case is the same with beer, produced 
by the fermentation of malt, or the strong decoction of 
barley, prepared in a certain manner. This, as may be 
leeo, is an operation very different from effervescence, aJ 
I above described. When a person therefore, speaking on 
chemical subjects, confounds these two words, the ears of 
the enlightened chemist are as much shocked, as those of a 
philosopher would be, were lie to hear abhorrence of 3 
vacuum employed to explain any of the phenomena of 

ACTICLB VI. 

Of CiystaUisalioTi, 

This appellation is given to that peculiar arrangement, 
which the greater part of salts, and even other bodies, 
affect to assume, after their solution in a liquid, when their 
parts, brought sufficiently near to each other by evapora- 
tion, dispose themselves in groupes. As rock crystal was 
the first body in which this regular arrangement was ob- 
served, its name has been given to that discovered in many 
other bodies, and particularly salts, by the subsequent 
researches of chemists and naturalists. 

Dissolve common salt in water, and evaporate the s<h 
lution to a certain degree ; if it be then left at rest in a 
cool place, the saline particles, brought near to each other, 
and falling together to the bottom of the vesst;!, or attach- 
ing themselves to the sides of the vessel, will form masses, 
in which the cubic figure will be easily distinguished ; as 
prisms of six sides terminating in pyramids, implanted îa 
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fa Other, are disti^âisb^ iû rock erystah If er^staL- 
tion be promoted at the surfaeei by evapCMrfttiag the 
nd, it takes place in the form of truncated square 
Amids) composed c^ small cubés, heaped together in a 
bain order, one upon the other; as has been shown by 
Rouelle, who has explained the phenomenon With greafi 
Bouity. 

i the salt held in solution be saltpetre^ the crystals 
Bed will be hexagonal prisms, terminated by hexagonal 
nnids» 

n short, each salt afiects a peculiar form. ^ 
dum crystalises in exact octaedra, that is, figures 
ned of two quadrangular pyramids, having a common 
are base. 

^itriol of iron forms crystals which are oblique-angled 
es, or cubes the six faces of which are rhombuses with 
qual sides. 

""he crystals of blue vitriol are compressed dodecaedra, 
form of which cannot be described in a few words* 
^erdigrise, or the salt produced by a combination of' 
ïgar and copper, forms crystals which are oblique- 
ted parallelopipedons. * 

Crystallised or candied sugar forms quadrangular 
ms, cut obliquely by an inclined plane* 
hat, as before observed, there ate a multitude of. other 
ies, besides salts, which possess the same property, of 
sing themselves into masses, and affecting the samd 
liar figures. Most ores and pyrites are distinguished 
iieir particular form : mineralised lead, for example, 
a great tendency to the right-angled or oblique-angled 
ical form. Even stones, in such cases, observe a cer* 
regularity. . The crystals of gypsum, or plastei* of 
is, are shaped Uke the point of a iarioe; and gypsum 
"efore is properly a salL Calcareous spar, known under 
name of Icelandic crystal is always aa obliqae-angkd 
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parallelopipedoti, inclined in the direction of its diagonal, 
and at determinate angles. In short, when metals cool 
slowly, their particles are at liberty to arrange themselves 
in a regular form ; and it was long ago remarked that this 
was the rase with antimony, and has since been observed 
in regard to iron, copper, zinc, ate. 

As this phenomenon is one of the most curious in 
chemistry, it would afford matter for a very long article ; 
but as we have given a short view of the subject, we must 
refer the reader for further information to the Essai de 
Cristallographie of Rome Delisle, which appeared in l772, 
8vo, and to the Abbé Ifauy's late work on the same 
subject. 

We shall now give a series of chemical experiments, 
which will be partly an application of the before-mention- 
ed principles, or which ivill exhibit curious phenomena. 



ARTICLE VII. 

Various Chemical Experiments. 

EXPEBIMF.NT I. 



1 



How a body of a combustible Jiature may be continuaBy 
penetrated by fire wàhout being consumed. 

Put into an iron box a piece of charcoal, sufficient to 
fill it entirely, and solder on the Fid. If the box be then 
thrown into the fire, it will become red, and it may ereo 
be left in it for several hours, or days. When opened 
after it has cooled, the charcoal will b« found entire, 
though there can be no doubt of its having been penetrated 
by the matter of the fire, as well as the whole raetal of 
the box which contains it. 

The cause of this effect is as follows. Before charcval, 
or any other combustible body, can he consumed, oxygen 
must have access to it ; but the contact of the atmosphere 
is prevented by the iron case being made quite close. 
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Hence too it happens^ that coals covered with ashes 
[uire much longer time to be consumed, than if they 
re exposed to the open air. This phenomenon, though 
11 known, could not be explained by any philosopher 
icquainted with the nature and properties of oxygen. 

EXPERIMENT II. 

Apparent Transmutation of iron into copper or silver. 

[Mssolve blue vitriol in water, till the latter is nearly 
irated ; and immerse into the solution small plates of 
1, or coarse filings of that metal. These small plates 
iron, or filings, will be attacked and dissolved by th« 
1 of the vitriol ; while its copper will be precipitated, 
I deposited in th** place of the iron dissolved. 
f the bit of iron be too large to be entirely dissolved, it 
I be so completely covered with the cupreous particles, 
fc it will seem to be converted into copper. . This is an 
eriment commonly exhibited to those who visit copper 
les. At least, we have seen it performed at Si^t-Bel^ 
he Lyonnese. A key immersed some minutes in water, 
ected at the bottom of a copper-mine, was entirely of 
ipper colour when drawn out. 

f you dissolve mercury in marine acid, and immerse in 
4bit of iron ; or if this solution be rubbed over iron, it 
•assume a, silver colour. Jugglers sometimes exhibit 
chemical deception, at (he expence of the credulous 
ignorant. 

lEMAitK.-— In this case, there is no real transmutation, 
merely the appearance of one. The iron is not con- 
;ed into copper; the latter, held in solution by the 
or impregnated with the vitriolic acid, is only deposited 
lie place of the iron, with Which the acid becomes 
rged. Every time indeed that a menstruum, holding 
substance in solution, is presented to another sub- 
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stance, which it can dissolve with more facility, it abandons 
the former, and becomes charged with the latter. This is 
so certain, that when the liquor ivhicb has deposited the 
copper is evaporated, it produces crystals of green vitriol, 
which, as is well known, are formed by the combination of 
the vitriolic acid with iron. And tliis also is practised in 
the mine before mentioned . Tlie liquor in question, which 
is nothing but a pretty strong solution of blue vitriol, is 
pnt into casks, or large square reservoirs, and pieces of 
old iron, being then immer&ed in it, are at the end of some 
time converted into a sort of sediment, from which copper 
is extracted. The liquor thus charged with iron is eva- 
porated to a certain degree, and wooden rods are im- 
mersetl in it, wliich become covered with crystals of green 
vitriol. 

This experiment may be made also by dissolving copper 
in the vitriolic acid, and then diluting the solution with a 
little water. This is a new proof that the Uquor only 
deposits the copper with which it is charged. 

EXPEBIHENT IIT, 

D^erent substarices succestively precipitated, hy aââm^ 
another to the solution. 

In the former experiment ve have sseii copper pier 
cipitated by iron: we shall pow show iron itself pr^ 
cipitated. For tliis purpose, throw into a solution of iron 
a small bit of zinc ; and in proportion as the latter diwolvoi^ 
the iron will fall to th& bottom of the vessel : it may evsily 
be known to be iron, because it wiU be susceptible «f 
being attracted by the magnet. 

If you are desirous to precipitate the zinc, nothing will 
be necessary but to throw into tlie solution a bit of cal- 
careous stone, such as white marble, or any other stone 
capable of making lime ; the vitriolic acid will attack this 
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m substance, and suffer to be deposited at Ae bottom 

the vessel a white ponder, which is zinc. 
To precipitate the lime or calcareous earth, pour into 
3 solution liquid volatile alkali (spirit of hartshorn); the 
nh^ being abandoned by the aèid, will deposit itself at 
\ bottom of the vessel. 

The calcareous earth may be precipitated also, and ndtich 
tter, by pouring into the liquor a solution of fixed 
^li, such as fixed vegetable alkali ; or by throwing into 
Bxed mineral alkali. 

|lKMARK.-<*-It is by a similar effect that hard water de- 
nposes soap, instead of dissolving it, and suffers to bè 
[Kisited a greater or less quantity of calcareous eart^ 
le manner in which this takes place is as follows. 
Water in general is hard only because it holds in solution 
^nite or gypsum (a combination of vitriolic acid with 
l^reous earth), which it has dissolved in its passage 
ough the bowels of the e&rth, pr which has been formed 

the water first beseeming impregnated with vit^iolie 
ts, and afterwards in its course meeting with and dift# 
iring a portion of calcareous earth« 
^n the other hand, soap is an artificial combination of 
^ alksdi with oil, or with some other greasy substancei 
\ which have no great affinity. 

iVhen soap therefore is dissolved in water impregnated 
il selenitei the vitriolic acid of the latter, having a 
tater tendency to unite with the fixed alkali than mtb 
I calcareous earth, which enters into the composition of 
: selenite, abandons that earth, and combines with the 
sid alkali, in such a manner, that the soap is decom-^ 
led ; and as the oil is immiscible witJi water, it is diffused 
Dugb it in the form of white fiakesy while the caicare- 
I earth of the selenite falls to the bottom. 
Sore we have a new example of .tbe use of ebemisfry^ 
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to account for certain common effects which are inexpli- 
cable to tiie philosopher, unacquainted with that science. 

EXPERIMENT IV. 

By the mixture of two transparent liquors ta produce a 
blackish liquor. Method of making good ink. 

Provide a solution of green or ferruginous vitriol, and 
an infusion of gall-nuts, or of any other astringent vege- 
table substance, such as oak-leaves, well clarified and 
liltred ; if you tlien pour the one liquor into the other, 
the compound will immediately become obscure, and at 
last black. 

If the liquor be suffered to remain at rest, the black 
matter suspended in it will fall to the bottom, and leave it 
transparent. 

REMARK.^This experiment may serve to explain the 
formation of common ink : for the ink we use is nothing 
else than a solution of green vitriol mixed with an infusion 
of gall-nuts, and a little gum. Tiie blackness arises from 
the property which the gall-nuts have of precipitating, of 
a black or blue colour, the iron held in solution by the 
water impregnated with vitriolic acid ; but as the iron 
would soon fall to the bottom, it is retained by tbe addition 
of gum, which gives to the water sufficient viscidity to 
prevent tha iron from being precipitated. 

The reader perhaps will not be displeased to find here 
the following recipe for making good ink." 

Take one pound of gall-nuts, six ounces of gum arabic^ 
■ix ounces of green copperas, and one gallon of common 
water or beer ; pound the. gall-nuts, and infuse them in a 
gentle heat, for twenty-four hours, without bringing the 
mixture to ebullition; then add the gum in powder. 
When the gum is dissolved, put in the green vitriol; if 
you then straia the mixture, you will obtaui very fine iok. 
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EXPERIMENT V. 

To produce inflammable andfulminating vapours. 

Put into a moderately sized bottle^ with a short and 
\àe neck, three ounces of oil or spirit of vitriol, and 
reive ounces of common water. If you then throw irfto 
lis mixture at different times an ounce or two of iron 
ings, a violent effervescence will take place, and white 
ipours will arise from it. On a taper being presented to 
6' mouth of the bottle, these vapours will inflame, and 
oduce a violent detonation, which may be repeated 
veral times, as long as the liquor continues to furnish 
nilar vapours. 

EXPERIMENT VI. 

Tlie Philosophical Candle. 

Provide a bladder, into the orifice of which is inserted 
netal tube, some inches in length, and so constructed, 
It it can be fitted into the neck of a bottle, containing 
i same mixture as that used in the preceding experi« 
;nt. 

Having then suffered the atmospheric air to be expelled 
m the bottle by the elastic vapour of the solution, apply 
the mouth of it the orifice of the bladder, after care- 
ly exfpressing from it the common air*. The bladder 
these means will become filled with inflammable air ; 
ich if you force out against the flame of a taper, by 
sssing the sides of the bladder, will form a jet of a be^uti- 
green flame. This is what chemists call a philosophical 
die. 

Great care must be taken not to omit this precaution ; for a mixture 
Dilammable and atmofpheric air will explode with Tiolence, instead of 
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detonating quality; if it be then washed, it wili be found 
in a powder, which may be reduced without any danger 
by the usual aieans. 

EXPERIMENT IX. -^^ 

To make Ful-niinating Powder. 

Mix together three parts of nitre, two of well dried 
alkali, and one of suljjhurj if a little of this mixture be 
put into an iron spoon over a gentle fire capable however 
of melting the sulphur, when it acquires a certain degree 
of heat, it will detonate with a loud noise, hke the report 
of a small cannon. 

This would not be the case if the mixture were exposed 
to a heat too violent ; the parts only most exposed to thff 
fire would detonate, and by these means the effect would 
be greatly lessened. 

If thrown on the fire, it -would not detonate, and would 
produce no other effect than pure nitre, which indeed 
detonates but without any explosion. 

EXPERIMENT X. 

jS liquor wkkk becomes cohured and transparent tdtemateb/, 
when exposed to or removed from the contact of the ex- 
tentai air. 

Digest copper, that is to say dissolve it slowly by means 
of a gentle beat, in a strong solution of volatile alkali. As 
the solvent attacks the copper, it will acquire a beautifiil 
blue colour. If you pour some of this liquor into a small 
bottle,'till it is nearly full, and then close it well with a 
stopper, the colour will gradually become fainter and at 
last disappear. On opening the bottle, the colour will 
return ; and this alternation may be produced as often as 
you choose. 
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EXPERIMENT XI. 

Pretended production of Iron. 

Take clay or the ashes of burnt vegetables or animals, 
id draw over them an artificial magnet. By these means 
lu will often attract some particles of iron, which will 
Ihere to the magnet. You may then rest assured that 
) iron, in a inetallic state, remains in the earth or ashes. 
Then mix the remaining earth or ashes with pounded 
arcoal, and having formed the mixture into a paste with 
tseed oil, put the whole into a crucible, and expose it to 
red heat for some time, but not inteose enough to pro- 
ce vitrification. When the mass is cold, and reduced to 
8t^ if the artificial magnet be again drawn over it, a 
eat many iron particles will be attracted by it, and will 
bere to it. 

Remark. — Some have pretended to give this experi- 
int as a proof that iron may be produced by clay and 
seed oil. Â celebrated chemist, member of the Academy 
Sciences, even entertained this idea, notwithstanding^ 
i opposition he experienced from one of his brother 
mbers. But, in our opinion, no chemist at present will 
in it a production of iron. 

t would indeed be wrong to suppose, after the iron 
nd at first by the magnet ^has been extracted, that no 
re remains in it. The magnet attracts iron only in its 
tallic state, or when it approaches near to it ; but some 
I remains in the state of an oxide, and in this state it is 

susceptible of being attracted by the magnet, as may 
proved by an experiment made on oxide formed arti- 
illy by the torréfaction of iron, or on the rust of that 
al. 
lesides, it is well kno\^'n that, of all the metitis, iron is 

most universally diffused throughout the earth ; it is 
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the colouring principle of common or red clay, and Wfetv 
clay is so coloured, ii contains iron. 

What then Is the effect of the torréfaction of clay with 
charcoal dust and linseed oil, or any otiicr fat oily body 
which has a strong affinity for oxygen î Such bodies hav- 
ing a greater affinity for that principle than iron has, by 
the aid of a proper temperature they decompose the 
oxide, and seizing on its oxygen, leave the iron in amc- 
tallic state, and consequently susceptible of being attract- 
ed by the masnct. This is the whole secret of the opera^ 
tion. 

But it may be said, whixt reason is there to think that 
these wood-ashes contain iron ? In answer to this question, 
we sliaK observe, that iron being diffused in great abnnd- 
ancc throughout all nature, it is a constituent part in a 
great many vegetable productions: in some of them it is 
found in a metallic state ; that it is susceptible of great at- 
tenuation ; and that when dissolved in any liquid, it passes 
with it, through the filtre, at least in part. Hence it may 
easily ascend with the sap of plants ; it circulates in the 
human body with the blood : in short, some even assert 
that plants are coloured by this metal with the concur- 
rence of light ; so that without iron and light all plants 
would be entirely white. 

EXPERIMENT XII. 

When two liquids are mixed together, lo form a solid body, 
or at least a body which has consistence. 

Make a highly concentrated solution of fixed alkali, and 
another of nitrate of lime: if the two solutions be mixed 
together, there will be an abundant precipitation of a 
matter which will assume a kind of solidity. 

This phenomenon appeared so wonderful to tlic old 
chemists, that the operation by which it is [>roduced was 
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died the chemical miracle* There is however nothing 
onderful in it ; for what takes place is as follows : 
The two solutions being mixed, the nitrous acid aban- 
>ns the earth, to seize on the fixed alkali, and with it re- 
ains in solution and transparent in the supernatant liquor. 
he earth is then precipitated, and forms the solid body 
btch results from the mixture. 

We shall here give another operation, which might with 
ore justice be called a chemical miracle. We are in- 
tbtted for it to a remark of M. de Lassonne, first phy- 
:ian to the queen, 

EXPEBIMENT XIII. 

> form a combination, which when cold is liquid and 
transparent s hit which when warm becomes thick and 
opake. 

Put equal quantities of fixed alkali, either mineral or 
jetable, and of well pulverised quick-lime, into a suf* 
ient quantity of water, and expose it to a strong and 
iedy ebullition. Then filtre the product, which at first 
1 pass through with difficulty, but afterwards with more 
e, and preserve it in a bottle wejl stopped. This liquor 
en made to boil, either in the bottle or in any other 
sel, will become turbid, and assume the consistence of 
y thick glue ; but when cold it will recover its fluidity 
[transparency; and this alternation may be repeated as 
m as you choo&e. 

il. de Lassonne made many experiments to discover the' 
se of this singular {Aenomenon ; and he assigns one 
ch may be seen in the Mémoires de V Academic des 
mces for 177S. 
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EXPEKIMENT ïlV. 

To maks a flash, like that of lightening, appear in a t 
when a?iy one entem it with a lighted candle. 

Dissolve camphor in spirit of wine, and deposit the 
vessel containing the solution in a very close room, where 
the spirit of wine must be made to evaporate by speedy 
and strong ebullition. If any one tJien enters the room 
with a lighted candle, the air will inflame; but the com- 
bustion will be so sudden, and of so short duration, as 
not to occasion any danger. 

It is not improbable that the same eifect might be pro- 
duced, by filling the air of an apartment with the dust of 
the seed of a certain kind of lycoperdon, which is inflam- 
mable ; for this seed, which is exceedingly minute, and like 
fine dust, inflames in the same manner as the pulverised 
resin used for Ihe torches of the furies, and for represent- 
inrr lightening at the opera. And perhaps it would be 
better to substitute it for resin, as it does not produce that 
strong smell, which results from the latter, when burnt, 
and which is so disagreeable to the spectators. 

EXPERIMENT XV. 

Of Sympathetic Inks; and some tricks which may be per- 
formed by means of them. 

Sympathetic inks are certain liquors which atone, and in 
their natural state, are colourless; but which by being 
mixed with each other, or by some particular circum- 
stance, assume a certain colour. 

Chemistry presents us with a great many liquors of tbU 
l(ïnd, the most curious of which we shall here describe. 

1st. If you write with a solution of green vitriol, lo 
which a little acid has been added, the writing- will be 
perfectly colourless and invisible. To render it visible, 
nothing will he necessary but to iniiucrsc the paper in an 
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ifàsion of gall nuts in water, or to draw a s^xAige tiioisten- 
1 with the water over it. Those who hâve obserired the 
th experiment may readily see, that in this case the ink 
IS been formed on the paper. In the niaking'of ink the 
ro ingredients are combined before they are used for 
riting ; here they are not combined till the writing is 
lidied : this is the whole difference* ; 

£d. If you are desirous of having an ink that shall be^ 
me blue, you must write with'a solution of green vitriol, 
id moisten the writing with a liquor prepared in the foU 
wing manner : 

Make four ounces Of tartar, mixed with thé same quart- 
y of nitre, to detonate on charcoal ; then put this alkali 
:o a crucible with four dunces of dried ox blood, and 
rer the crucible with a lid, having in it only one small 
erture ; calcine the mixture over si moderate fire, till no 
ire smoke issues from it ; and then bring the whole to a 
»derate red heat. Take the matter from the crucible 

I immerse it, while still red, in two quarts of water, 
ere it will dissolve by ebullition; and when the liquor 
i been reduced to one half^ it will be ready foi^ use. If 

II then moisten with it the writing above mentioned, it 
1 immediately assume a beautiful blue colour. In this 
^ration, instead of black ink, there is formed Prussian 
e. 

id.- If you dissolve bismtfth in nitrous acid, and write 
b the solution, thé letters will be invisible. To make 
m appear, you must empio}' the following liquor: 
loil a strong solution of fixed alkali with sulphur, re- 
ed to a very fine powder, until it dissolves as much of 
9 it can : the result will be a liquor which exhales va- 
irs of a very disagreeable odour^ and to which if the 
ve writing be exposed it will become black, 
th. But of all the kinds of sympathetic ink, the most 
lous is that made with cobalt. It is a very singular 

OL. IV. B B 
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phenomenon, that the characters or figures traced out with 
this ink may be made to disappear and to re-appear at 
pleasure ; this property is peculiar to ink obtained from 
cobalt ; for all the other kinds are at first invisible, until 
some substance has been applied to make tliem appear ; but 
when once they have appeared they remain. That made 
with cobalt may be made to appear and to disappear any 
number of time! at pleasure. 

To prepare this ink, take zafTre, and dissolve it in aqua- 
regia (nitro-muriatic acid) till the acid extracts from it 
«very thing it can ; that is the metallic part of the cobalt, 
which communicates to the zaflfre its blue colour; then 
dilute the solution, which is very acrid, with comtnon 
water. If you write with this liquor ou paper, the cha- 
racters will be invisible; but when exposed to a sufficient 
degree of heat, they will become green. When the paper 
has cooled they will disappear. 

It must however be observed, that if the paper be beat- 
ed too much, they will not disappear at all. 

Remauk. — With this kind of ink some very ingenious 
and amusing tricks, such as the following, may be per- 
formed. 

1st. To make a drawing which shall alternately represent 

d winter. 



Draw a landscape, and delineate the ground and the 
trunks of the trees with the usual colours employed for that 
purpose ; but the grass and leaves of the trees with the 
liquor above-mentioned. By these means you will have 
a drawing, which at the common temperature of the atmo* 
sphere will represent a winter-piece ; but if it be exposed 
to a proper degree of heat, not too strong, you will see 
the ground become covered with verdure and the trees 
with leaves, so as to represent a view in summer. 

Screens painted in this maimer were formerly made at 
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Paris. Those to whon tbejr were pf esented^ [H «dae* 
qu^tec} with the artifice^ were astoDtriied to ta»à when 
tbey made use of them^ that the views they exhibited were 
totally changed. 

2d. The Magic Oracle» 

Write on several leavmef paper, with eommon ink, a 
certain number of questions, and below each question 
write the answer with the above kind of sympathetio ink. 
The same question must be written on several pieces of 
paper^ but with different answers, that the artifice may be 
better concealed. - , 

Then provide ^ box, tp which you may give th^ name 
of the Sybil^s cave^ or any other at pleasure, and eontatn^ 
ing in the lid a plate of iron made very hot, in order that 
the inside of it may be heatcxi.to a certain degree. 

Having selected some of the questions^ take thte bits of 
paper containing them, and tell the compaoy that y^u are. 
going to send them to the Sybil or Oracle, to obtain aa 
answer ; introduce them into the heated box, and when 
they have remained in it some minutes take^ them oui, and 
show the answers which have been wrltteu. 

You must however soon lay aside the bits of paper ;' f(x 
if they remainJong in the hands of those to whom the trick 
is exhibited, they would see the answers gradually disap 
pear, as the paper becomes cold. 

EXPEttlMENT XVt 

Of Metallic Vegetatiom. 

To see a shrub rise up in a bottle, and even ^row out 
branches, and sometimes a kind of fmtt, i» one of the 
most curious spectades exhibited by chemistry. Th^ 
operation by which this delusive image is produced has 
been called chemical or metallic vegetation, because per** 
formed by means of metallic substances ; and it is not im* 

BBS 
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probable tliaC some respectable persons, who thought tTley 
saw a real palingeiiesy, have been deceived by a similar 
artifice. However this may be, the following are the 
most curious of these vegetations, which in fact are only 
a kind of crystallizations. 

Jrbor Marti», Tree of Mars. 

Ûissolve iron filings in spirit of nitre (aquafortis) mode- 
rately concentrated, till the acid is saturated ; then pour 
gradually into the solution a solution of fixed alkali, com- 
monly called oil of tartar per deliquium. A strong effer- 
vescence will take place ; and the iron, instead of falling 
to the bottom of the vessel, will afterwards rise, so as to 
cover its sides, forming a multitude of ramifications heaped 
one upon the other, which will sometimes pass over the 
cd^e of the vessel, and extend themselves on the outside, 
with all the appearance of a plant. If any of the liquor be 
spilt, it must be carefully collected, and be again put into 
the vessel, where it will form new ramifications, which will 
contribute to increase the mass of the vegetation. 

Two of these vegetations, copied from a memoir of M. 
Lemery junior, and inserted among those of the Academy 
of Sciences for n06, are represented pi. 8, fig, 46. Aveiy 
probable explanation of the phenomenon may be found 
among those of 1107. 

Arbor Diana, Tree of Diana. 

This kind of vegetation is called the Tree of Diana, be- 
cause it is formed by means of silver ; as the former is 
called the Tree of Mars, because produced by iron. We 
shall here give two processes for this purpose, -one of tbeo 
by Lemery, and the other by Homberg. 

Dissolve an ounce of pure silver in a sufficient quantity 
of 'aquafortis, exceedingly pure, and of a moderate 
strength, and having put the solution into a jar, dilute it 
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ith about twenty ounces of distilled water. Then add 
f o ounces of mercury, and leave the whole at rest. In 
te course of forty days, there will rise from the mercury 
kind of tree, which throwing out branches will represent 
natural vegetation. 

Should this process, winch is in other respects very sim- 
le^ be thought too tedious as to time, the following one 
' Homberg may be employed. 

Form an amalgam of a quarter oi an ounce of very pure 
ercur}', and half an ounce of fine silver reduced into 
ings or leaves, that is to say, mix them together by tri- 
ratioh in a porphyry mortar, by means of an iron pestle. 
Ipsolve this amalgam in four ounces of very pure nitric 
id, moderately strong, «and dilute the solution in about 
pound and a half of distilled water, which must be stir- 
dy and then preserved in a bottle well stopped. Pour an 
mce of this liquor into a glass, and throw into it a small 
t of an amalgam of mercury and silver, similar to the 
rmér, and of the consistence of butter. Soon after you 
11 see rising from the ball of amalgam a multitude of small 
ftments, which will visibly increase in size, and throwing 
it branches will form a kind of shrubs^ 
Homberg, in the Memoirs of the Academy for 1710, 
fes a method of making a similar vegetation, either with 
Id or silver, in the dry way ; that is to say by distiila- 
«n without any solution. 

There is still another kind of vegetation, mentioned by 
, de Morveau, which he calls Juptier^s beard, because tin 
ms a part of its composition : the process for making 
may be seen in his Essais Chimiques. 

Non-metaUic Vegetaticnt. 

Cause to decrepitate, on burning charcoal, eight ounces 
saltpetre, and place it in a cellari in order that it may 
oduce oil of tartar per ddiquiao) ; then gradually pout 
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OTer it, to complete saturation, good spirit of vitriol, ami 
evaporate all tlm moisture. The result will be a white, 
compact, and very acrid saline matter. Put this matter 
into an earthen dish, and having poured over it a gallon 
of cold water, leave it exposed to the open air. At the end 
of some days the water nili evaporate, and there will be 
found all around the vessel ram ideations in the form of 
needles, variously interivoven with eacli other, and about 
J5 lines IP length. When the water is entirely evaporated, ^ 
if more he added the vegetation will continue. 

It may be readily ^en that this is nothing but the mere 
crystallization of a neutral salt, formed by the vitriolic acid 
L And the aikali of the nitre employed, that is to say, vitrioli 
ftted tartar. 

EXPERIMENT XVII. 

To produce Ileal, and even Flavie, hy means of two Cold 
Liquors. 

Put oil of guiacum into a bason, and provide some spirit 
of nitre, so much concentrated, that a small bottle, capable 
of holding an ounce of water, may contain nearly an ounce 
and a half of this acid. Make fast the bottle containing 
the acid, to the end of a long stick, and after taking this 
precaution pour about two thirds of the acid into the oit 
in the bason ; the result will be a strong effervescence, fol- 
lowed by a very large flame. If an inflammation does not 
take place in the course of a few seconds, you have nothing 
to do but to pour the remainder of the nitrons acid over 
the blackest part of the oil : a flame will then certainly be 
produced, and there will remain, after the combustion, a 
very large spongy kind of charcoal. 

Oil of turpentine, oil of sassafras, and every other kind 
of essential oil, may be made to inflame in the like man- 
ner. The same phenomenon may be produced with fat 
oils, such as olive oil, nut oil, and others extracted by ez- 
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ression, if an acid, formed by equal parts of tbe Titriolic 
od nitrous acids well concentrated, be poured into them. 

EXPEVIMSNT XVIII. 

Tùfmt iron in a motneni, and make it fwn into drops. 

Bring a rod of iron to a white heat, and then apply to 
a roll of sulphur ; the iron will be immediately fused, 
3d will run down in drops. It will be most convenient 
I perform this expe;riment over a bason of water, in 
hich the drops that fall down will be quenched. On ex- 
nination, they will be found reduced into a kind of cast 
on. 

This process is employed for making shot used in hunt- 
g, as the drops, by falling into the water, naturally as* 
ime a round form. 

We shall here add two little experiments, merely be- 
luse they are usually given in books of Philosophical 
ecreations. 

EXPERIMENT XIX« 

ifuse a piece of money in a walnut-skeUj without vyuririg 

the shell. 

^end any very thin coin, and having put it into the half 
ft V^nut-shell, place tbe shell on a little sand, in ordec 
%t it may remain steady. Then fill the shell with a mix« 
re made with three parts of very dry pounded nitre, one 
irt of the flowers of sulphur, and a little saw-dust well 
ied. 

If you then inflame the mixture, as soon as it has melted, 
lU will see the metal completely fused in the bottom of 
e shell in the form of a button, which will become hard 
len the burning matter around it is consumed. The shell 
iployed for the operation will have sustained very little 
jury. The cau^e of this, no doubt, is that tbe activity 
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of the fire, assisted by the vitriolic acid contained in the 
sulphur, acts witli such rapidity, that it has nol time to 
burn the shell. 

A small ball of lead, closely wrapped up, in a bit of 
paper *, may be fused in the same manner, by exposing it 
to the flame of a candle. Tlie paper will not be hurt, ex- 
cept in the bottom, where it will have a small hole through 
which the metal has run- 

EXPERIMENT XX. « 

To split a piece of money into two parts. ^1 

Fix three pins in the table, and lay the piece of money 
upon them ; tben place a heap of the flowers of sulphur 
below the piece of money, and another above it, and set 
fire to them. When the flame is extinct, you will find on 
the upper part of the piece a thin plate of metal, which 
has been detached from it. 

It is to be observed that tbe value of about thtce-pence 
might be detached in this manner from a piece of gold such 
as a guinea, by employing sulphur to the value of fifteen 
or twenty-pence ; so that this experiment can never be- 
come dangerous to the public. Besides the piece of money 
loses, in a great measure, the boldness of its impression: 
those therefore who might attempt to debase tbe current 
coin in this manner would become victims to their dis- 
honesty. 

What we have said is sufficient to inspire our readers 
with a desire to become better acquainted with this usefiil 
Science. We shall therefore point out to them a few 
works which wilt assist them in prosecuting that design. 
Though chemistry has experienced a complete revolution 
since the discoveries of Lavoisier, Priestley, Black, Hig- 

* If the p»per be nol in perfect contact with the lead, the expeiimeot ifill 
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^'sh, and others^ some useful information may 

' from the works of the old chemists : we 

^ may be allowed to introduce here Les 

^heoretique et Practique of M^cquer, 

of which contains the theoretical, 

*actical part. To this work we 

^ Chimie of Baume, which contains 

I -.s processes useful in the arts. Boer- 

j of Chemistry were formerly held in great 

ijut at present this work is of less value : it 

iiver serve as a good introduction to the modern 

.stry. Wiegleb's Chemistry^ translated by Hopson, 

ough founded on the old theory, may also be perused 

th advantage, by those who are desirous of acquiring a 

orough knowledge of this Science. Also the chemical 

irks of Bishop Watson. The best systems of chemistry, 

d elementary works according to the new theory, are 

3se of Lavoisier^ Fourcroy^ Chaptaly Gren^ Jacquin^ 

(Moti-Lagrange^ Brisson, Thomson^ and Davy. As 

oks of reference we can recommend Hermfs Manual 

d ParkinsorCs Chemical Pocket Book. A great many 

rious and interesting papers on chemistry in general, 

1 its application to the arts, may be found also in fhe 

^osophical Magazine. 
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most difficult, method requires that you should execute 
the easiest. But we are acquainted with no chemical 
operation, which resolves either of these problems. Gold, 
as stubborn in regard to décomposition as to composition, 
always remains the same, in whatever manner it be treat- 
ed: it is only more or less attenuated, but is never in the 
state of calx. It has been kept for several 3'ears in fusion, 
without losing the least part of its weight. 

But let us hear the alchemists, and learn what are their 
prctcuMons in regard to the formation of metals. 

According to them, metals are formed of an earth, which 
they call mercurial, but more or less mature, more or less 
mixed with belerogeneous matters; so that, to convert the 
imperfect into perfect metals, nothing is necessary but to 
free them from these heterogeneous matters, and to mature 
them. 

All this is very fine : but who has proved the existence 
of this mercurial earth \ who bas proved that the difîerence 
among metals consists in this greater or less maturity i by 
what means is it to he produced? to these questions no 
solid answer can be given. The partisans of this idea se- 
duced by words, have no just and precise conception of 
what they say. 

According to other alchemists^ mercury contùna in 
principle all the perfect metals ; it has the splendour of 
them, and nearly the weight ; it is even heavier than sil- 
ver. If it b fluid and exceedingly volatile, it is because 
it is alloyed with impurities which degrade it. The que^ 
tion then is to fix the mercury, by freeing it from tfasK 
impurities. We should then have the mercury of the phi- 
losophers, which would require only a certain degree of 
baking to be brought to a red heat, and the result would 
be gold ; brought to a white heat, it would furnish silver; 
nay this matter would have such an activity on the impure 
parts of other metals, that by throwing a pinch of it iol" 
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. crudble iîlled with melted lead^ it would transmute it 
ato silver or gold, according as it had been carried to a 
Fhite or a red heat. But the gre«'it matter is, how to 
estroy the impurities by which quicksilver is debased. 
Lristeus, a celebrated adept, teaches us the process in the 
learest manner, in his Code de Vérité. " Take," says he, 
king Gabertin, and the princess Beya his sister, a young 
idy, beautiful, fair, and exceedingly delicate : marry them 
>getlier, and Gabertin will die almost immediately. Be 
pt however alarmed ; after eighty days, Gabertin will re- 
ive from bis ashes, and become more beautiful and more 
erfect than he was before his death ; will beget with Beya 
red child more beautiful and perfect than themselves.^' 
fter this, will any one pretend to say that the alchemists 
cplain themselves obscurely ? what true adept, for there 
re true and false, and every one thinks himself among the 
»rmer, will not evidently see in this allegory the whole 
rocess of the fixation of mercury and of the powder of 
rejection ? 

This language, and this affectation of obscure allegories, 
« no doubt very proper for making these pretended 
lepts be considered as finished and contemptible quacks, 
' perhaps as people whose brains have been deranged by 
e heat of their furnaces. But the partisans of their re- 
arches and follies allege pretended facts ; and it is our 
isiness to make them known. 

It is related that Helvetius, a pliysician and celebrated 
x>fessor in Holland, having declaimed one day with great 
olence, in one of his lectures, against the vanity and ab- 
rdity of pretending to make gold, was visited by an 
ept, who gave him a certain powder, a pinch of which 
rown into a crucible filled with melted lead, would trans- 
rm it into gold : that the learned Dutchman did so,^ and 
»tained from his lead a considerable quantity of that 
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metal. Helvetius then hastened to find the adept ; but the 
latter had given him a false address, and was not to be 
found J for the chemists of this order never fail to disap- 
pear at the moment when they have given a proof of their 
profound knowledge. 

The same tiling occurred, it is said, to the emperor 
Ferdinand, An adept came to him, and offered to trans- 
form mercury into gold. Mercnry was put into a crucible 
in the presence of the prince, and the adept having per- 
formed certain operations, a button of gold «as found in 
the bottom of the vessel. But while those present were 
employed in examining and essaying the gold, the adept 
'disappeared, to the great regret of the emperor, who al- 
ready behald in idea the immense treasures which he hoped 
to obtain by the acquisition of this grand secret. 

At the sale of the effects left by M. Geoffroy, in 1717, 
there were three nails, which as it was said were a proof 
of the possibility of at least transmuting silver into a com- 
mon metal, such as iron. Tliey were the work, he assert- 
ed, of a celebrated adept, who wished to prove to Geoiïroy 
the possibility of the transmutation of metals. One of 
these nails was converted into silver, by being dipped in »a 
«ppropriate liquor ; the head of the other only having been 
dipped, the remainder of it was iron ; and the point of ibe 
third, having been dipped, that part was silver and tha 
I liead iron. 

NotAvitlistanding these authorities, we have no belief in 
' the philosopher's stone. It is very probable that in all 
I these pretended transmutations there was some deception, 
I even if the above accounts were true. In short, we slisli 
I believe in the philosopher's stone when we have seen apy 
P adept perform before us the same operations ; but hemuâC 
permit us to furnish him with the crucibles, rods, and in- 
gredients ; for it is more than probable, that if gold hw 
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•een made in this ntianner, it ritber existed in the matters 
mployed^ or some of it waa introduced into them by slight 
f band. 
However, the alchemist» pretend that all the fables of 
atiquity are nothing else than the process of the grand 
"ork explained symbolically. The conquest of the golden 
tece, the Trojan war, the events which followed it, and 
le whole mythology, are only emblems of the chrysopea^ 
radently veiled by the ancient philosophers^ who did not 
isb that their secret, become common, should be em- 
loyed to produce an immense increase of the precious 
letals, which must then have lost their value, and have 
sased to be the medium of commerce among mankind. 
lie reader may see in a curious work by Dom Pernetty, 
ititled Les Fables Egyptiennes et Grecques^ 3 vols. 8vo, 
eluding the Dictionnaire Mj/tho-hermetigue, how f^ir 
iman si^acity may be extended, to find an explanation 
' Bucfa fables. But every thing may be explained in the 
me manner. We have heard of an adept, in the Fau^ 
urg Saint MarceaUf who, being persuaded that the 
bole Roman history was a fiction, intended to give a 
lemical explanation of it, which would serve as a supplé- 
ent to the Fables Egyptiennes et Grecques. We have 
en heard that the history of the combat of the Horatii 
d the Curiatii was explained in it, with an appearance 
truth, capable of making us dpubt whether that famous 
cumstance in the Roman history ever really took place. 

§ II. Of Potable Gold. 

If there be no reason to think that gold will ever bç 
ude, is it not possible to employ this precious metal for 
>longing life? Gold is a metal unalterable, and as diffi» 
it to be destroyed as to be made ; it is the sovereign of 
\ metallic world, as the sun, to which it is assimilated, is 
Jie system of the universe. Nature therefore must have 
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concealed in this valuable body the most useful remeJies ; 
hut to make it useful, in this respect, it is necessary that 
it should be introduced into the body in a liquid form; it 
must in short be rendered potable ; let us endeavour then 
to make potable gold. A life indefinitely prolonjred is 
certainly worth all the treasures in the world. Such is in 
substance the reasoning of the alchemists, and therefore 
they have subjected gold to a multitude of operations, by 
means of which they have pretended to render it soluble, 
like a salt in water. The substance they produce has in- 
deed the appearance of it ; but to speak the truth, it is 
only gold very much attenuated, and by these means sus- 
pended in the liquid : in short, it isin no manner combined 
with the fluidj and it even gradually deposits itself at the 
bottom in the metallic form. 

However, the following is a process for making a kind 
of potable gold. We shall examine aftenvards, supposing 
it to be a real solution of gold, whether it would possess 
properties so marvellous, and so salutary to the buman 
body, as is pretended. 

Fiist dissolve gold in aquaregla : mix this solution with 
fifteen or sixteen times the quantity of any essential oil, 
such as that of rosemary, stirring it round, and separate 
the aquaregia, which occupies the bottom, from the essen- 
tial oil. If you then dissolve this essential oil in four or 
five times its weight of well rectified spirit of wine, you 
will have a yellowish liquor known under the name of the 
potable gold of Mademoiselle Grimaldt. 

Vitriolic ether, and ethereal liquids of different kinds, 
possess the same property as essential oils ; namely, that 
of seizing on the gold dissolved in the aquaregia. A kind' 
of potable f^old therefore may be made with ether. This 
gold may then be taken in drops on sugar, iu tlie same 
manner as when ether is taken ; for this liquor is nut mis- 
cible witli water. 
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The celebrated drops of general Lamotte are not difier- 
ent from the potable gold of mademoiselle Grimaldi. It 
has been remarked that one gros of gold was diluted in 
^16 gros of spirituous liquor, and as the bottles must have 
weighed two gros, and as general Lamotte sold his for £4 
livres, it results that with one gros of gold he made at least 
108 bottles, from the sale of which he received at least 2592 
livres. In reality he made 186, which were worth to him 
3264 livres. 

It hence appears, that if general Lamotte*s drops were 
not useful to the health, they were exceedingly useful to 
his purse. But what will not quackery effect among 
mankind, when supported by ignorance and the love of 
life? 

But let us examine whether there be any foundation for 
the wonderful properties ascribed to potable gold. A very 
little reasoning will show that nothing can rest on a slighter 
foundation. What proofs indeed can the alchemists pro- 
duce, that potable gold is salutary to the human body ? 
Because gold is the most fixed of all metals, because it has 
the beautiful colour of the sun's rays, because it is repre- 
sented in chemical characters by the characteristic sign of 
that luminary, are we thence to conclude that, when re- 
duced to a liquid form, and conveyed into the blood, it 
regenerates that fluid, renovates youth, and restores health î 
What person, accustomed to deduce just consequences 
from any principle, will ever form such a conclusion? 
All the virtues of potable gold are founded merely on 
analogies, invented without any physical foundation, by 
fervid imaginations, and by heads deranged by the heat of 
their furnaces. This is the most favourable opinion that 
can be entertained ; for it is probable that such idqas are 
as much connected with imposture, as with credulity and 
want of reasoning. 

VOL. IV. C C 
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^ IH. 0/ PaHngetten/, 

Palingencsy is a chemical operation, by roeans of nliicb, 
a jtlaut, or an animal, as some pretend, can be revived from 
its ashes. This, if true, would no doubt be one of the 
noblest secrets of chemistry and philosophy. If some au- 
thors are to be credited, several learned men of the I7th 
century were in possession of it ; but at present, as this 
pretended secret, in consequence of the great progrès» 
made in chemistry, is considered as a mere chimera, we 
shall here confine ourselves to examining the foundation 
of those principles which have induced some respectabJc 
authors, such as the Abbé Vallcmont* and others, to be- 
lieve in the possibility of this process. 

According to the honest Abbé, nothing is simpler and 
easier to be explained. We are indeed told, says he, by 
Father Kircher, that the seminal virtue of each mixture is 
contained in its salts ; and these salts, unalterable by their 
nature, when put in motion by heat, rise in the vessel 
through the liquor in whicK they are diffused. Ueing (hen 
at liberty to arrange themselves at pleasure, they place 
themselves in that order in which they would be placed by 
the effect of vegetation, or the same as they occupied be- 
fore the body, to which they belonged, had been decom- 
posed by the fire: in short, they foru] a plant, or the 
phantom of a plant, which has a perfect reseoibianee to 
tiie one destroyed. 

Tliis reasoning is worthy of an author who could bor 
lieve, that he who rohs another of his tnoney, can exhale 
ctirpuccles different from those exhaled by a man wbp 
carries his owo, and thereby make the divining rod {uia 
towards the places where he bus passed, or remained for 
some time. Docs it not show great weakness to believej 

■ S^e Lii CurioitfA de la regctalum, &V. 
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that the mere immorality of an action can produce phy- 
sical efFectç? It would indeed be offering an insult to our 
readers, to attempt to show the folly and absurdit}»^ of the 
above reasoning of the good Abbé, and of Father Kircher. 
Let us therefore only examine the facts which he relates. 

An English chemist, named Coxe, asserts that having 
extracted and dissolved the essential salts of fern, and then 
filtered the liquor, he observed, after leaving it at rest for 
five or six weeks, a vegetation of small ferns adhering to 
the bottom of thé vessel. The same chemist, having 
mixed northern potash with an equal quantity of sal am- 
moniac, saw some time after a small forest of pines, and 
other trees, with which he was not acquainted, rising from 
the bottom of the vessel. 

The following. fact is considered by the author as more 
conclusive. The celebrated Boyle, though not very fa- 
vourable to palingenesy, relates, that having dissolved in 
water some verdigris, which, as is well known, is produced 
by combining copper with the acid of vinegar, and hav- 
ing caused this watei' to congeal by means of artificial 
cold, he observed at the surface of the ice small figures, 
which had an exact resemblance to vines. 

Notwithstanding these facts, and others quoted by the 
Abbé from Daniel Major, Hanneman, and various authors, 
if the partisans of palingenesy can produce none more con- 
clusive, it must be confessed that they support their asser- 
tions by very ^eak proofs. Every true chemist sees in 
these phenomena nothing but a simple ramified crystal- 
lization, which may be produced by difièrent well known 
compositions : the most beautiful of these crystallizations, 
called improperly vegetations , are produced by the com- 
bination of bodies from the animal kingdom. 

The last experiment, related by Boyle, might occasion 
more embarrassment 5 but as it is the only one, of a great 
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I adbaf a nridf of plants, 
SB k as Jadbc dat tbe figures he 
en éi cfaaR ; Ek bow naoy other 
le ife nne jnenpc, saw nnthing 
, li^ ikB arface ot frozen water, 
I exceedingly com- 

The pamuas of pahagenesT boim« qaote other au- 
tboriiiex, to «bicfa tbiyaaadi great iaip«maDce. We are 
toU by- Sir Keodoi Digby. oo the authority of Quercetan, 
pbjûôan ta Henry IV. of France, that a Pole showed 
twelve gla» veweb bennedcally sealed, each containing 
ibc laiu of diâiercDt plants : dut ai nnt these salts had the 
sppearance ^ aihes, bnt that wbea exposed to a gentle 
and moderate beat, the ^ore of the pUot, as a rose for 
emmple, if the veisel cootiÛDed the a&bes of a rose, was 
observed gradaaU; to rite up, aod that as the vessel cooled 
tbe «^Ic disappeared. Sir Kenelm adds, that Father 
Kircber had assured him, that be performed tbe same ex- 
periment, and that he communicated to him the secret, 
but it iicver had succeeded. The story of this Pole it 
related by various other authors, such as Bary, in his 
Physique, and Guy dc la Brosse, in his hook on the Nature 
of Plants. 

Lastly, we are told by Kircber hinndf, is his W» Mag- 
netica, that he bad a long necked phial, bermettcally seâleât 
containing the ashes of a plant which he could reriTc it 
pleasure, by means of heat ; and that he showed this won- 
derful phenooienon to Christina, queen of Sweden, who 
was highly delighted with it; but that having left thn 
valuable curiosity one cold day in his win'low, it WM 
entirely Jestrycd by the frost. Father Schott also asserts, 
tliut lie saw this chemical wonder, which, according to 
his uccount, was a rose revived from its ashes; and he 
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adds, that a certain prince having requested' Xirchey to 
tnake him one of the same kind, hé chose r&ther to give 
up his own, than to repeat the operation. 

The process indeed, as taught by Kircher, is so complek 
and tedious, that it would require no small patience to 
follow ité Father Schott relates it at iijll length, in his 
work entitled jvcoseria Natunt et ArtiSf and he calls it 
the Imperial secret, because the emperor Ferdinand pur* 
chased it from a chemist, who gave it to Kircher. This 
emperor was exceedingly fortunate ; for it was to him that 
the philosopher, who had the secret of the philosopher's 
stone, addressed himself, and gave a proof of his art by 
transmuting, as is said, in his presence, three pounds of 
merciiry into two pounds and a half of gold. 

We must however content ourselves with pointing out 
the places where the curious may find this singular pr<>* 
cess; for besides the length of the description, nothing 
seems less Calculated to succeed. Digby, therefore, andf 
many others who followed this method, did not obtain a 
favourable result ; and there is reuson to believe that their 
zeal for palingenesy would induce them to omit notbihg 
that was likely to insure them success. 

Dobrezensky, of Negropont, has also given a process 
for the resurrection of plants, which seems to have beeA 
attended with no better success. We arc at least told by 
Father Schott, that the attempts of Father Conrad proired 
ineffectual, and he therefore supposes that Dobrezensky 
did ^not reveal all the circumstatices of the process, but 
kept the most important to himself. 

What then can be said in opposition to all these tiu 
thorities? In our opinion, the Polish physician was a 
quack, and we shall describe hereafter a method of pro« 
ducing a false palingenesy, which, if performed with art, 
and in a proper place, may impose on credulous persons. 
To be convined that Dobrezensky of Negropont was a 
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mere impostor, we need only read the Techtica Curiosa, or 
the Jocoserû Nalur<e et Arlis of Father Scbott ; for he 
had the impudence to pretend that he couid pull out the 
eye of an animal, and in the course of a few hours restore 
it, by means of -a liquor, which he no dauhi sold as a remedy 
for sore eyes. He even tried it on a cock. A person who 
could assert such an impudent falsehood, in regard to one 
fact, would do the same in regard to another. 

The authority of Father Schotl will certainly be of httle 
weight with those who have read his works. 

In regard to the testimony of Kircher, we confess that 
we find some embari-assmeni : a Jesuit certainly wouldtiot 
wilfully have told a falsehood. But Kircher was a man of 
a warm imagination, passionately fond of every thing 
singular and extraordinary, and' who had a strong pro- 
pensity to believe in the marvellous. M'abat can be ex- 
pected from a man of that character? He often thinks 
he sees wirnt he does not see, and he does not deceive 
others, because he is first deceived himself. 

Some persons go stilt farther, and assert that an animal 
may bi: revived from its. ashes. Fiither Schott, in his 
Pkysica Curiosa, even gives the figure of a sparrow thus 
revived in a bottle. ^Gaffarel, in his Unheard of CuriositieSt 
believes in this fact, and considers it as a proof of the 
possibility of the general resurrection of bodies. This 
pretended revival, however, is a chimera, still more ab- 
surd than the former ; and which, at present, it would be 
ridiculous to attempt seriously to refute. 

In short, what reasonable man can with Kircher believe, 
that if the ashes of a plant be scattered on the groand, 
plants of the hke kind will spring up from them, as he 
Bays he frequentlj- experienced ? Who can admit as a 
truth, that if crabs be burnt, anil then distilled, according ' 
to a process given by Digby, there will be produced in 
the liquor small crabs of the size of a grain of millet^ 
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n^hich must be nourished with ox^s blodd, and then left to 
themselves in some stream ? yet ^e arc told by Sir 
Kenehn, that this he himself experienced. It is therefore 
impossible to clear him from the charge of impbature, 
unless we suppose that by some means or other he was 
led into error. However, it is certain that Digby, with 
great zeal and a considerable share of knowledge, had a 
strong propensity to all the visions of the occult and caba- 
listic sciences. In our opinion, he was one of those vision- 
aries known under the name of Rdsicrusians. 

jin illtisory kind of PaHngenesy. 

We have already mentioned a kind of slight of hand, 
by means of which, credulous people might easily be im- 
posed on, and induced to believe in the reality of palin> 
genesy. We shall now discharge our promise by describ- 
ing it. 

Provide a double glass jar of a moderate size, that is, a 
vessel formed of two jars placed one within the other, in 
such a manner, that an interval of only a line in diameter 
may be left between them. The vessel may be covered 
by an opaketop or lid, so disposed, that by, turning it in* 
different directions, the inner jar may be raised. from, or 
brought nearer to the bottom of the exterior one. In the 
i|[iterior jar, on a base representing a heap of ashes, plaoe 
the stem of an artificial rose. Into the lower part of the 
interval between the two jars introduce a certain quantity 
of ashes, or some solid substance of a similar appearance; 
luid let the remainder be filled with a composition made 
of one part of white wax, twelve parts of liog^s lard, and. 
one or two of clarified linseed oil. This oily compound, 
when cold, will entirely conceahthe inside of the jar, hut - 
when brought near the fire, if done with dexterity, it 
Will dissolve, ^nd by shaking the lid, under a pretence of 
hastening the operation, the coin pound may be naade t« 
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fall down into the bottom of the exterior jar. T&e rose m 
the interior one will then be seen, and the credulous spec- 
tators, who must not be suffered to approach too near, 
wiii be surprised and astonished. When you wish to make 
the rose disappear, remove the jar from the fire, and by a 
new slight of hand make the dissolved semi-transparent 
wax flow back into the interval between the jars. By ac- 
companying this manœuvre with proper words, the gap- 
ing spectators will be more easily deceived, and will retire 
flrml; persuaded, that they have seen one of the most 
curious phenomena, that can he exhibited by the united 
efforts of chemistry and philosophy. 



SUPPLEMENT I. 

Of the different kinds of Phosphorus, both natural and 
artificial. 

ONE of the most interesting objects in chemistry is 
phosphorus ; for it is a very singular and curious spectacle, 
to see a body, absolutely cold, emit a light of greater or 
less vivacity, and others kindle of themselves, without the 
application of hre. What person, who has any taste for 
the study of nature, will not be struck with astonishment, 
on viewing such phenomena ? 

These phenomena are the more remarkable, as most 
philosophers have hitherto failed in their attempts to ex- 
plain them. We, however, except the artificial kinds of 
phosphorus, respecting which they have advanced things 
consistent 'with probability, and founded on chemical 
causes fully estabhshed. But, in regard to the natural 
kinds, nothing satisfactory has yet been offered. The ex- 
planation of them depends, no doubt, on a more profound 
knowledge of the nature of fire and light. 
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Some kinds of phosphorus aire natural : others are the 
roduction of art, and particularly of chemistry. Hence 
e are furnished v^ith a natural division of this supplement, 
i^e shall begin with the natural. 

ARTICLE I. . 

Of the Natural Kinds of Phosphorus. 

§. 1. Of the Luminous appearance of the Sea. 

Though navigators must have observed this phenomenon 
r many centuries past, as it is common to every sea, and 
there is scarely any climate where it does not, under 
rtain circumstances, present itself, it appears that very 
tie attention has been paid to it till within a late periods 
3st sea*faring people believed, that this light was merely 
t reflection of (hat of the stars, or of that of the vessel 
elf; others considering it as a real light, imputed it to 
$ collision of sulphur and salts; and, satisfied with this 
^ue explanation, they scarcely condescended to pay 
sotion to the phenomenon. 

\s it is highly worthy of profound research, and is at- 

ded with very remarkable circumstances, we shall here 

e a description of it, as it appeared to us on our passage 

m Europe to Guyana, in th^e year 1764. 

do not recollect that we beheld the sea luminous till 

arrival between the tropics ; but at that period, and 

lé^weeks before we reached land, I almost constantly 

srved that the ship's wake was interspersed with a 

dtade of luminous sparks, and so much the brighter as 

dajrkness was more perfect. The wal^r around the 

der was, at length, entirely brilliant; and tHis light 

iD^eà, gradually diminishing, along the whole wake. 

marked also, that if any of the ropes were immersed 

16 water, they produced the same effect. 

ut it was near land that this spectacle appeared in all 
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its beauty. It blew a fresli gale, and the whole sea was 
covered with smull waves, which broke, after having rolled 
for some time. When a wave broke, a flash of hgbt was 
produced J so that the whole sea, as tar as the eye could 
reach, seemed to be covered with lire, alternately kindled 
and extinguished. This fire, in the open sea, that is at 
the distance of SO or 60 leagues from the coasts of America, 
had a reddish cast. I have made this remark, because I 
do not know that any person ever examined the pheno- 
menon which I am about to describe. 

When we were in green wafer*, the spectacle changed. 
The same fresh gale continued; but in the night time, 
when steering an easy course, between the 3d and 4lh 
degree of latitude, the fire above described assumed a 
tone entirely while, and similar to the light of the moon, 
which at that time was not above the horizon. The upper 
part of the small waves, ivith which the whole surface of 
the sea was curled, seemed like a slieet of silver } while on 
the preceding evening it hud resembled a sheet of reddish 
gold. I cannot express how much I was amused and 
interested by this spectacle. 

The following night it was still more beautiful ; but at 
the same time more alarming in consequence of the ci r* 
cumstances under which I then found myself. Tbe ship 
had cast anchor at a considerable distance from tbe land, 
. waiting for the new moon, in order to enter the harbour of 
Cayenne. Being anxious to get on shore, I stepped into 

■ The water of tlie lea, al leait of tbe Atlantic Ocean, at n distance from 
the coasts, is of a dark blue colour; but near (anil, that is to laj-, ÎÎOorîS 
leagues from the coaat of Quyana, the water anddenlf changes itn coloar, 
auti becomes a beautiful {neen. This is a sign of being near land. This 
clinn/e, in all prubjibility, is prodiii^^J b^ the mudity, yellowish water of Ihe 
liier of ihp AmsKon^; for it is bpII known that blue and yelloiv form green- 

does nut take plai;e by de;rBe<, but suddenly, and In an iuteival, which J^ 
jieared to dip, from the deck of tbe vessel, to be scarcely a fuut in extent. 
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the boat with sev^eral other passengers ; but sciircely had 
we got a league from the ship^ when we entered a part of 
the sea where there was a prodigious swell, a.< a pretty 
siuart gale then prevailed at south-east. We soon beheld 
tremendous waves, rolling in our wake, and breaking over 
us. But what a noble spectacle, had we not been exposed 
to dangler ! Let the reader imagine to himself a sheet of 
silver, a quarter of a league in breadth, expanded in an 
instant, and shining with a vivid light. Such was the 
effect of these billows, two or three of which only reached 
us, before they broke. This was a fortunate circumstance, 
for they left the boat half filled with water, and one more, 
by rendering me a prey to the sharks, would certainly 
have saved me from the trouble of new modelling the work 
of the good M. Ozanam. 

There is scarcely a sea Vn which the phenomeiu)n of this 
light is not sometimes observed ; but there are certain 
parts where it is much more luminous than in others. In 
general^ it is more so in warm countries, and between, 
the tropics, than any where else; it is remarkably lumin-. 
ous on the coasts of Guyana, in the environs of the Cape 
Verd islands, near the Maldives, and the coast of Malabar, 
where, according to M. Godeheu de Hiville, it exhibits a 
spectacle very much like that above described. 

A phenomenon so surprising could not fail to excite the 
attention of philosophers; btit till lately they confined 
themselves to vague explanations; they ascribed it to 
sulphur, to nitre, and other things, of which there is not a 
single atom in the sea, and they then imagined that they 
bad reasoned well. 

M. Vianelli, an Italian philosopher, is the first person, 
it seems, who endeavoured, by the help of observation, to 
explain the cause of'this light; and he was thence coa^T 
ducted to a very singular discovery. Observing that the 
tea water, near Chioggia, had a very luminous appearance. 
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and that the light was concentrated into small lirinUnt 
points, he conceived the idea of exnitiining it with a micro 
scope. By the^e mcuns he found that those luminous 
points were small insects, resembling worms, or rather 
caterpillars, composed of twelve articulations; that they 
differed from our hmiinous worms in this respect, that the 
light proceeded from every part of their bodies, and that 
when at perfect rest the light ceased, but that it re-ap* 
peared when they were put into a state of agitation. This 
explains why certain parts are made to sparkle by the 
strokes of an oar, the dashing of water against the rudder, 
■ and the breaking of the waves, while the rest of the water 
L remains dark. These observations were confirmed by the 
' Abbé Nollet, who soon lifter undertook a tour to Italy. 
It appears however, that the insect which gives a lumin- 
ous appearance to the water of the sea, is not every where 
the same. M. Godeheu de Riviile, having observed some 
of tiiese luminous points in the Indian seas, between the 
Maldives and the coast of Mahbar, saw an insect quite 
different from Vianelli's worm with twelve rings. This ' 
insect has a near resemblance to that called the water fleai 
and is inclosed between two transparent shells, somcwliat 
like a. kidney half open. The Inminons matter seems to 
be contained in a vessel, whicii may be compared to a 
bunch of grapes; it consists of smal! round grains, and 
when the insect is pressed, it emits a luminous liquor. It 
then mixes with the water, and, as it is of an oily nature, 
it collects itself on its surface in the form of small round 
drops. Accoiding to every appearance, the insect suffers 
this phosphoric liquor to escape only in consequence of 
some shock or agitation, or of other circumstances; and 
hence the reason why the sea is not luminous except wb«n 
agitated, and at certain times more than others*. 



■ See MAmra dis Sftosan irrangers, eel. III. 
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M. Rigault observed; in the seas between Europe and 

merica, another insect, different from the worm of 

lanelli, or the water flea of M» Godeheu, being rather a 

ind of polype, almost spherical, and with only one arm. 

In the last place, M. Leroy, a physician of Montpellier, 

bserved in sea water globules of a phosphoric matter, on 

rhich he made different experiments, to ascertain what 

ircùmstance rendered them luminous, and by what means 

key were deprived of that qudity. From these experi- 

bents he was induced to conclude, that though Vianelli 

ind others have, on good grounds, ascribed the luminous 

ippearance of the sea to insects, or to a liquor which they 

iontain, and which they emit on certain occasions, this is 

lot the only cause; but that it njay arise also from a 

Phosphoric matter in the water of the sea^ and which is 

Produced there by a peculiar combination of the principles 

Uspersed throughout it; that this matter is not always 

hminous, but becomes so from different causes, such as 

lie shock of the particles of the water against each other, 

ike contact of the air, and its mixture with certain liquors*. 

§ II. Of some Luminom Insects. 

If those beings which we tread under foot hold a very 
fow, and, we might even say, contemptible rank, in the 
Inimal kingdom ; nature, which seems to observe a gene* 
pA system of compensation, has given to several of them 
properties very extraordinary, and for which the largest 
animals might envy them : such is that of emitting light, 
with which many of them are endowed. We are ac- 
quainted indeed with no large animal, which enjoys it 
while living; but there are several insects which are 
luminous, and it appears that they can become so at plea- 
rare. Of what utility is this light to them, aqd bow is it 

* S«e Mémoires des Ssamau étrangers. 
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J 11'- |io(:i ilioN fi:i;^ris that the nymph Lamp^Tis, baring 
,,i li'rr ii'v.l(la';i:, ii. cxpcHiwl by her mother, and that she 
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wanders about through the woods, searching for it by the 
help of a lantern. These ideas were aiuch. applauded a 
century ago^ but we do not know whether the case be 
the same in the present one. 

2. Of the Fire Fly of warm climates. 

Such is the luminous insect of our climates; but the 
•warmer countries have been more favoured by nature. 
Their luminous insects have wings. They are found in 
Italy after the Alps are crossed ; and they become more 
frequent according as the traveller approaches the southern 
parts of Italy. They exhibit a very curious spectacle, 
during the fine nights o^ summer, when they are seen fly- 
ing about in every direction, and one cannot move a step 
in a meadow without observing some of these small ani* 
mais, whose route is marked by a train of light. I never 
enjoyed this spectacle in Italj' ; . but I have seen it in South 
America. 

It appears, however, that the fire flies of Italy, and those 
of America, are entirely different from the luminous insect 
of our countries. I confess, that during my residence in 
America I did not pay much attention to them. I was 
employed with occupations of greater importance; but I 
know, with certainty, that this insect emits light as it flies 
about. The part of its body which is luminous seems to 
be concealed by its wings, or by the covering of them, 
when closely applied to the body. I have never seen a 
good description of this insect, which has a great resem- 
blance to a common fly* 

It may be readily conceived, that these luminous insects 
must have inspired some persons with the hope of obtain- 
ing from them a perpetual phosphorus. Many attempts 
have been made for this purpose ; but though the posterior 
part of the animal, *when it is cut in two, retains its light 
for some time, it gradually becomes extinct; and every 
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effiirt hitherto made to retain it, has proved fruitless. 
Some authors indeed have proposed means for accomplish- 
ing this object ; but these people were either impostors, 
or labouring under a deception: it is certain that their 
pretended means will not succeed. 

' 3. Of the Cucui/o of America. 

A valuable acquisition of this kind, possessed by America, 
is the Cucuyo. The Caribs have given this name to a 
Jarge beetle, found in the islands of the Gulph of Mexico, 
and even in Mexico itself. Its luminous quality is seated 
in the eyes, and in two parts of its body covered by the 
sheaths of its wings. It is asserted that five or six of these 
hectics will afford a sufficient light to enable a person to 
walk in the darkest night ; that the natives of the couDlry 
tie them together alive, and by these means form them 
into a sort of necklaces, to guide them through the woods, 
and that they employ them in their huts to give them 
light to perform their nocturnal labours. But this we can 
hardly believe. 

4. Of the Bedle of GuT/ana. 
A luminous iuscct, whicli had a great resemblance to 
the Cucnyo, and which perhaps was the same, was some 
years ago brought to France by a very singular accident. 
A great deal of wood for cabinet makers having been im- 
ported from Cayenne, in 1764, and the following years, a 
cabinet maker purchased a piece of it, and kept it by him 
till lie should find use for it. His wife hearing some noise 
one night, like the buzzing of an insect when flying, 
observed soon after a strong light adhering to the window. 
Recovering from the terror which this spectacle at first 
inspired, she ran up to it, and found an insect of the 
coleoptera kind, that is, insects whose wings are covered 
by a sheath, wliich emitted from the posterior parts of its 
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body a bright Ught.that illuminated the whole apartiMnt» 
The insect was put into the hands of M. Fougeroux,!. who 
wrote a description of it, which was inserted in the Memdrs 
of the Academy of Sciences for 1766. 

There is great reason to think, or rather it is certain^ 
that the animal had been brought orer in the piece of 
wood in the state of nymph, concealed in some hole ; the 
time of its developement being arrived» it issued from its 
tetreat, and appeared under the form of a beetle* 

If this insect was not the Cucuyo of the American isles, 
iOr of New Spain, it must be considered as a fourth kind 
endowed with the property of emitting light. 

§. III. Of some other Phosphoric Bodies. 

We shall here take a cursory view of a great number of 
Other phosphoric bodies» 

1. The ofes of different animals. 

As several animals, such as the tiger, and the cat, which 
is only a tiger in miniature, the wolf, the fox, Sec, among 
quadrupeds, and the owl, and others among birds, have 
been destined by nature to search for their food in the 
night time, it was. necessary they should have a lamp tO' 
guide them. This lamp is contained in their own eyes; 
for they are luminous, and it is no doubt by this light that 
they are guided in the dark. As their retina is exceedingly 
sensible, the light of their eyes renders objects to then! 
sufficiently luminous. Besides, nature has favoured them 
frith a very large aperture in the pupil, so that the quantity 
of light which reaches the retina is increased. Such, in 
all probability, is the mechanism by which these animals 
see in the night time: the extreme sensibility of their 
retina renders the light of the day incommodious to tbem^ 
and even blinds some of them. 
. It appears that these animals have ii ia their po^or to 
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render their eyes laminous at pleasure. I have often aeeri 
thoso of a cat, which I kept, entirely destitute of light, 
ivhile at other times they were like a burning coal. 

The dog also is endowed in some measure with the san» 
property. I "have several limes seen the eyes of that ani- 
mal sparkle. 

In short, it is asserted, that some men also are endowed 
■with this property. Tiberius, it is said, could see in thé 
night time ; and the same thing is related of many others. 
The most singular instance of this faculty is that of a 
hermit, who, according to Moschus, in his Pré Spirituel, 
had never occasion for a lamp while reading at night, or 
employed with any other occupation. Those who could 
believe such ridiculous tales would almost deserve to ba 
lent to feed aim asinis ctjumeniis. 

2. Claylon's Diamond. 

This diamond was much celebrated ; and- if it was not 
one of the finest of its kind, this defect was more than 
compensated by the singular property it possessed. Whea 
rubbed in the dark against any dry stuff, or agaiiist the 
Angers, it shone with a faint whitish light. The celebrated 
Boyle made a great many observations on this diamond, 
an account of which he communicated to the Royal 
Society, in 1668; and he does not hesitate to call it a 
precious stone, unique of its kind ; gemma sut gentrit 
Utiica; fur at that time no other was known which 
possessed the same property. We have however heard 
that, since that time, other diamonds have been found) 
■which could be rendered brilliant in the dark by friction^ 
This singular diamond was purchased by Charles U. 

We shall here say a few words respecting the carbuncle, 
jvhich, as some pretend, shines also in the dark ; but wc 
must observe, that this property ascribed to it is abso. 
Jutely fabulous. The- carbuncle _is a ruby.^ but-no ruby. 
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lor any other kind of precious stone, shioes in tbe dark ; 
nd this supposed phenomenon is merely a popular tale* 

We may remark also that this light is not properly 
Aiosphoric, but is of the same nature as electric light. 
The diamond indeed is susceptible of becoming electric 
]^ friction; its light is of the same nature as that emitted 
D^'sugar when grated; and by various other bodies wbeii^- 
dWbed. 

■ 

d. Rotien Wood* 

It is not uncommon to find, in the forests, pieces of 
Dtten wood, which emit a very vivid light of a white 
olour, inclining to blue : it has even sometimes happened 
iUtt this light has been the occasion of great terror« 
Unfortunately, every kind of rotten wood is not pfaoSi* 
horic ; and the cause which renders it so is not known. 
• We must class also among the number of puerile tales 
ibat b related by Josepbus, of a plant called BaaraSy said' 
rljé luminous in the dark. This plant, it is said, cannot 
é' plucked up without the most imminent danger; but 
itefk the root of the plant has been loosened ^ a dog is 
ed to it, and the animal, by miaking efforts to join its 
taster, at length tears it up. Is it possible that authors 
in thus sport with the credulity of mankind ! 
. We must place in the same rank what is relatefd by 
Hny^ of another plant, called Nyctegretum^ which grows,' 
■ is'said, in Gedrosia, and which when torn up by tha 
tot, and dried in- the sun's rays for a month, becotnas» 
miaous in the night time.' This is not absolutely im«^ 
Msible; but if -so, the plant Would be known to o\ir na-( 
indists, as well as the Aglao^hytiSf and the LunariSf to 
bich the same property wa^ ascribed, according to the 
istimony of Mlian. When a circumstance is related bjr^ 
Slian^ one may bet a hundred tp one that it is a fable.. > 

. uvi^ ... i 
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4. The Worvis in Oyslers, 

This natural phosphorus was first remarked by M. de 
la Yoye, who communicated his discovery to M. Auzout, 
in -1666. 

Small oblong worms, vhich shine in the dark, are oft«t 
engendered in oysters. According to the description 
given of them, some are as large as a small hair pin, and 
about five or sis lines in length: others are much smaller. 
He found also three kinds; the first with legs to the num- 
ber of about twenty-five, ou each side: the second kind 
were red, and similar, except in size, to our common glow 
worms; the third were of a singular form, having a head 
like that of the sole. They leadiiy resolve, on the lost 
touch, into a viscid matter, which retains its luminous 
property for about twenty seconds. 

Such are the observations of M. de la Voye, which do not 
entirely agree with thoseof M. Auzout, who observed only 
a viscid matter, extended in length. But it is to be re* 
marked, that the latter made his experiments only on old 
oysters; whereas the former made his on oysters ijuin 
fresh. 

5. Putrid Fhsk. 

Putrid fiesh is also susceptible of becoming someUtne) 
luminous in the dark. Lemery says that a great quantity 
of such luminous flesh was seen at Orleans, in 1696; some- 
of it was entirely so; other pieces v^ere luminous onlyin 
some points, which had the appearance of small stars. 
People were at first afraid to eat of it ; but they soon 
learned by experience that there was no danger, and that 
it was as good as any other. It was remarked that in some 
butchers' shops the meat was almost all luminous; id others 
only part of it was so. 

Fabricius ab Aquapendente relates the same thing of » 
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lainby purchased by some young men at Rome» One balf 
of it, which was left, being pot by, they observed in tbii. 
-evening that several parts of it were luminous* They 
immediately «ent for the above physician^ who having 
examined the phenomenon with attention, obserreii that 
the flesh and the fat shone with ^ silver coloured lights 
and that a piece of goat's fleshy which had touched the 
lamb, shone in the same manner. The fingers of thoso 
who touched it became luminous also. He observed lik&« 
wise that the lunûnous places were softer. This plieno^ 
inenon would, no doubt, be observed more frequently, if 
the butchers* shops, and places where meat are kept, were 
oftener visited in the dark* 

6. Different kinds ofFish^ or the Paris of Fish. 

But this phenoraenoB is most frequently exhibited by 
fish, and their different parts. 

It is generally when fish, or way of their parts, approach 
the state of putrefaction, that they acquire this phosphoric 
property. Leo Allatius, in a letter to Fortunio Liceti, 
itays that he was once much frightened by fresh water 
crabs thrown into a corner by a careless servant. He 
describes the whole of this adventure atgreat length; but 
«r^nt of room will not p^mit us to enter into any farther 
details respecting it. 

According to Pliny, and other authors, the sea worm is 
susceptible of shining in this manner^ Those who reside 
|)ear the sea coast may have an opportanity of ascertain- 
ing the truth of this fact* 

The celebrated Thomas Bartholin observed the same 
thing, in regard to some polypes, which he was dissecting: 
he gives this name to the fish called at present the cuttle 
£sh, since he says that it contains a black liquor, which 
may be employed as in|iu This light, adds he, flowed 
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from beneath the skin, and was the more abundant the 
neari'r the animal approached to a state of putrefaction, 

Wc shall conclude this subject by mentioning sotnc 
experiments of Dr. Beale, inscrud in the Philosophical 
Transactions, for the year 1666, Fresh mackarela having 
been bailed in water vrith salt and herbs, the cook stirring 
the water a few days after, to take out some of the fisb, 
observed that on the first movement of the water it became 
luminous, as well as the (îsh, which emitted a strong light 
through it: the water also appeared to be transparent; 
whereas in the day time it was opake. 

Drops of this water were exceedingly luminous-, and 
wherever they fell, they left a luminous spot, as large as a 
sixpence. On rubbing the hands with it, they became 
entirely luminous. 

We have here confined ourselves to facts; for nothing 
farther can be said on the subject, as it is dilHcult to assign 
any probable or well founded cause for this light. The 
globuions matter of Descartes ^vas exceedingly convenient 
for expUining all these phenomena; for it was sufficient 
to sav, that putrid fermentation, being a kind of intestins 
motjon, this motion, according to every appearance, put 
in action the globulous matter in which light consist!. 
But unfortunately this matter, at present, is considered u 
a chimera. 

ADDITION BT THE FBENCK CENSOR. 
There are some inaccuracies in what has i>een befeic 
said in regard to the luminous insects, in the 1st, 2d, ^d, 
end 4th paragraphs of the second section. The author 
seems to have trusted too much to his memory, which bu 
Jed him into error, and not to have been acquainted with 
every thing written on the subject. We shall therefors 
supply this deficiency. 



3 Isf^ The male of the glowî worm is a winged mséôt of* 
the class of the coleoptera, or insects which have shéatbi^ 
to their wings. It is dot entirely destituteof the property' 
of being luminous. M. Fougeroux says^ that he often 
caught in the dark some of these males, which were' 
attracted by thé light of the. female, and he observed that 
diéy emitted light themselves after copulatioiu 

2d. The fire fly of Italy, commonly known under the* 
naqae of the lucciola^ is not a fly ; it is also an insect with 
ibeaths to its wings, and in form approaches n^ar to the 
male of the glow worm. At first one might be induced to 
believe that it is the same insect, to which the climate has 
given the property of shining in the dark, as is the case 
-with that of our country under certain circumstances. But 
there are some differences, which will not allow of their 
being confounded; and what seems absolutely to exclude 
this identity' is, that in places where the lucciola is found> 
the common glow worm is never seen, though it exists also 
in Italy* 

^ In regard to the luminous insect of the warm countries 
of America, I must remark, with the author, that I am un- 
acquainted with any correct description of it. 

' 3d. What has been said, in regard to the Juminous- 

insect of Cayenne, is not entirely correct ; and the account 

given of its being discovered requires to be rectified. In 

the month of September, 1766, two women, in the jPûm- 

hauTg Saint- Antoine^ saw this insect in the evening flying 

jihrough the air, like a stream of light, and at length settle 

4fi a window. They at first thought that it was one of 

those falling stars so common during the summer nights ; 

but as the4ight continued, they went to inform the oc-* 

eupiers of the house against which the animal rested. It 

I was. caught, and given to M. Fougeroux, in order that be 

' might examine it. That it came from Cayenne was only 

Mojeoturie; bat by comparing it with the insects. of. tiiat 
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country, it appe^ared to bs an inhabitant of the same M a 
neighbouring climate. It was a coleoptera, known ander 
tbe name of mareschaî, and of the class of those which, 
when placed on their back, dart into the air like a spring 
which unbends itself: on tliis account it has been distin- 
guished by the name of elaier. This insect is an inch and 
a half in length; its light is contained in two elongated 
protuberances, placed on the posterior and lateral part of 
its corselet. It emits light also in certain positions, by the 
separation of its body from the corselet ; and in all proba- 
bility by that of the rings of its body from each other. 
This light is of a beautiful green colour, and of such 
strength that if the insect be put into a paper cornet, one 
can see to read the smallest characters by it, at the distance 
of some inches. This insect is found also in Jamaica, and 
has been described by Brown, under the denomination of 
elater major fusciis phosphoricus. Another smaller kind 
of phosphoric Ûy is found in Jamaica, and also in Satnt 
Domingo. 

4th. What the author says of the cucuyo of America, 
that it emits light from its eyes and two parts above the 
sheaths of its wing'^, is not correct. It is possible that 
travellers, unacquainted with natural history, who have 
spoken of it, may not have examined it with attention. 

5th. Thi;re are some other luminous insects, which tbe 
author has not mentioned. The lantern-bearer or acvdia, 
which Reaumur places in the class of the pro-cigakSf 
fi:ici>da spuniaria,) or a class which approaches near to 
that of the cigaUs, ['grasshopper,) the vielleur beetle of 
Surinam; like the author, we are unacquainted with any 
description, sutficiently correct, to enable us to deter-r 
mine in what they differ from the cacuyo, and from each 
other. Such also is the lantern -bearer of China, described 
by Linnfeus, in the Transactions of the Academy of Stock- 
holm ; but as the animal was dead, that learned DaturalitI 



had no opportunity of ascertaining what part of it is lumin- 
ous ; he suspects^ it is the proboscis, which does not ap- 
pear improbable. There is also an insect of the same kind 
in Madagascar, known under the name of heseckerche, 
ttrhich shines in the night-time. But we have never seea 
a description of it. 

6th. Clayton's diamond was long considered to be the 
only one which had the property of shining in the dark. 
But M. Dufay found, by a great number of experiments 
made on different diamonds, that several of them possessed 
the same property; though he was not able to discover 
the cause, why some of them possessed it, while others 
were destitute of it. Beccari, a celebrated philosopher of 
Bologna, made at the same time similar experiments, 
which confirm the discovery of Dufay. This philosopher 
found that the class of phosphoric bodies is much more 
considerable than is commonly supposed ; and it follow» 
from his experiments, that the phosphoric bodies which 
have chiefly attracted the attention of philosophers, did so, 
not oji account of that property maintaining itself for a 
longer time, but because a very great number of bodies 
appear luminous to an eye immersed in profound obscurity, 
when they are speedily removed from the light to a place 
of darkness. 

. 7th. The sea worms or borers possess this property in 
an eminent degree ; not when they approach to a state of 
putrefaction, as has been before said, but when living and 
fresh, so as to be fit for eating. The observations of 
Beccari, Monti, and Calcati of Bologna, on these marine 
fish, are very old ; and thev confirm and illustrate what 
has been said by Pliny on the same subject*. 

* See a Memoir of M. de Ueaumur on the same subject Mim. de VAcod. 
1723. 
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'' ARTICLE II. 

Artificial kinds of Phosphorus. 
Wiiat nature produces under certain circumstances, art 
assisted bj' observation lias found means to imitiite, in the 
artificial kinds of phosphorus. But before we explain 
these curious o[)eratioiis, wc must make a distinction 
which the modern chemists hare introduced, and which is 

The appellation pAos^o^orKS is still given to those bodies 
which emit light without any sensible heat; but when a 
body emits light, and at ilia same time inflames of itseW, 
when exposed to the air, it is called pyrophorus. Hence 
we say the pyrophorus of Homberg, to denote that com- 
position of alum and animal or vegetable matter which 
takes fire when exposed to the air. The English pltos- 
phorus is both phosphorus and pyrophorus ; for when ex- 
posed to the air in a mass, it burns, and consumes like 
sulphur, of which it is a singular species, but very much 
attenuated; and when mixed with a litjuor, it becomes 
luminous, without heat. 



§. 1. Phosphoric experiment : or how to bum gunpowder, 
without an explosion. 

Expose a towel or cloth to a strong heat, till it becomes 
very bot, and carry it into a dark place. While it is cool' 
ing, tlijrow upon it, from time to time, some grains of gun- 
powder, which at tirst will inflame. Leave it to cool a 
little, till the powder no longer detonates. If you then 
cover it with powder, the latter, when it acquires the same 
heat as the cloth, will emit in the dark a faint light or weak 
flame, which will consume all the sulphur, without causing 
the nitre to detonate. 

It is hence seen, that common sulphur is susceptible of 
two combustions, one gentle and calm, which is not capable 
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«ven of kindling the cbarcoal, otherwise the nitre would 
detonate ; and the other violent, which burns and kindle» 
such combustible bodies as are in contact with it. 

§ II. Of the Bologna Stone. 

This kind of phosphorus is called the Bologna stone^ 
because first made from a stone found only at the bottom 
of mount Paterno, near that city. Â shoemaker, named; 
Vincenzo Casciarolo, was the first who observed the pro-, 
perty which these stones have of shining in the dark, after 
they have been calcined. He was employed on the grand 
work, as it was called, and from the brilliant appearance, 
of these stones, he conceived an idea thai they contained 
either metals, or some principle by which he should obtain 
what he was in quest of. He therefore brought them to a 
red heat in a crucible, and having afterwards carried them 
into a dark place, he was struck by their luminous appear- 
ance, and published an account of his discovery. This 
phosphorus is made by the modern chemists in the follow- 
ing manner. 

They take one of these stones, and having freed it from 
all its heterogeneous parts, file it all round with a large 
file, in order to obtain a certain quantity of dust. They 
then dip the stone in the white of an egg, and roll it in the 
dust, until it be entirely covered with it to a certain depth. 
When the stone is dry^ it is placed in a furnace filled with 
charcoal, in such a manner, as to be completely surrounded 
by it. The charcoal is then kindled, and when the whole 
is consumed, the stone is found calcined according to the 
required degree» If it be carried into a dark place, it will 
•be seen to shine with a singular brilliancy, which however 
becomes gradually weaker, and after some minutes entirely 
ceases. But this brightness may be renewed by exposing 
t|ie stone for some time to the day-light. These stones 
ure preserved in a . dry place» wrapped up in dry cotton. 
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They however gradually lose their property of imbibing 
the light ; but it may be restored to them by a second cal- 
cination. 

The Bologna stone, according to the observations made 
by naturalists, is one of those known under the name of 
fusible xpar. Vitriolic acid enters into their composition, 
and this inspired Margraf, a celebrated chemist, with the 
idea of trying whether all ,lhe other spars were not en- 
dowed with the same property. He found that when 
treated in a proper manner, they all become luminous. 
The process for calcininj; and preparing them, according 
to his method, is as follows. 

When properly freed from their heterogeneous parts, 
they are brought to a red heat in a crucible, and then re- 
duced to very fine powder in a glass or porphyry morter. 
This powder is formed into small cakes, u line or more in 
thickness, and of any size at pleasure, by mixing it with 
gum tragacanth and the white of an egg, and' these cakes 
are then calcined in the following manner, after they have 
been dried in a strong heat. 

A common reverberating furnace is filled to three fourths 
of its height with charcoal; the cakes are laid flat above 
it, and are covered with more charcoal. The furnace is 
then kindled, and when the whole charcoal is consumed, 
and the furnace has cooled, the cakes are found calcined. 
After being cleaned from the ashes, by means of a pair of 
bellows, they are preserved for use, as before described. 
When an experiment is to be made, they are exposed for 
some time to the light, after which they are earned into a 
dark place, where they exhibit the appearance of burning 
coals, to those who have kept their eyes shut for a few 
minutes. 

The most probable cause of this phenomenon, according 
to the ablest chemists, is as follows : 

When it is considered that phosphoriis of the same kind 
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k made only by burning, with charcoal , stones which con* 
tain vitriolic acid^^ there is reason to think that in this 
operation there is formed a kind of sulphur, exceedingly 
combustible, and in which the action of the light alone is 
capable of producing that slow combustion, almost with^ 
out beat, of which common sulphur, as already seen, is it» 
self susceptible. This combustion manifests itself only by 
the faint light it emits. It ceases with the absence of 
the cause which produced it ; and the stone no longer is 
luminous. 

Among several reasons which confirm this explanation^ 
there is one, which seems to be of great weight : after the 
stone has ceased to shine, if placed in a dark place on a 
plate of iron, which has been heated, but not to sucba 
degree as to emit light, it immediately becomes luminous» 
yvithout having been exposed to the action of the sun^s 
light. To this reason we may also add, the odour exhaled 
by the Bologna stone ; for it is exactly the same as that of 
milphur. But, in regard to this subject, we must refer the 
feader to'Macquer's Dictionnaire de Chimie^ under the 
)iead rtony phosphorus, where explanations will be found, 
which, on account of their length, cannot be admitted into 
this work. 

& III. Bddwin^s Phosphorus. 

' This phosphorus, as well as the following^ has a great 
affinity to the Bologna stone. The method of making it 
is as follows : 

Dissolve very pure white chalk in good spirit of nitre ; 
filter the solution,and evaporate the liquor till the residumn 
is very dry. Then put the residuum into a good crucible 
cf a proper size, and place it for an hour in a reverberate 

* Margraf at least asserts so, though Dufay says he made Bologna phot- 
Jkhorus with stones purely calcareous. 
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ing furnace. If tlio mattei- calcined in tbU manner be put 
into a bottle, with a glass stopper, you will have Baldwin's 
phosphorus. 

This phosphorus has the property of shining in the dark^ 
like the Bologna stone, if the bottle containing it he ex- 
posed open to the light. But as it has the fault of attract- 
ing moisture, it soon loses this property. 

^ IV. Homberg's Phosphorus. 
Take one part of sal ammoniac in powder, and two 
parts of t]uick-]ime slaked in the open air ; mix thera well 
together; and having fillet! a crucible with the mixture, 
place it over a slow fire. As soon as the crucible is red, 
the mixture will begin to fuse ; but as it rises up and swella 
in the crucible, it must be stirred with an iron rod, to pre- 
vent it from running over. When the matter is fused, 
pour it into a copper bason, and when cool it will appear 
of a grey colour, and as if vitrified. If it be struck with 
any thing hard, such as a piece of iron, copper, or other 
Substance of the like kind, the whole part which has been 
struck will'for a moment seem on fire. But as this matter 
is Very brittle, the experiment cannot be often repeated. 
To remedy this defect, M. Homberg immersed in the cntr 
cible, containing the fused matter, small rods of iron or 
copper, which by these means became covered with it as 
with enamel. T^e experiment may be performed on rods 
incrusted in this manner; as they will bear to foe struck 
■ereral times, without the matter being deranged. 
f It is to be observed that the phosphoric enamel, which 
avères to these rods, readily attracts the moisture of the 
air: for this reason they must be deposited in a dry warm 
place, where they will retain their property for ft long 
time. 
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§ V. CantorCs Phosphcrus^ or Phosphorus in Powder. 

Another kind of phosphorus^ analogous to that of Bald»; 
wini and to the Bologna stone^ may be made in the fol- 
lowing manner : 

. Calcine oyster shells, by keeping them in a common fire^ 
for half an hour, and then pulverize them ; mix the finest 
p^rt of this powder with one third of its weight of fine 
fiour of sulphur, and put the mixture in a crucible, fillingr[ 
it to the brim, and keep it for half an hour at least in the 
midst of burning coals, till it is perfectly red. Then suffer 
it to cool, and having once more pulverized the matter it 
contains, if necessary, you will obtain a phosphorus, which, 
if exposed for a few minutes to the day-light, will appear 
lupiinous in the dark. 

Those who have comprehended the nature of the Bo- 
logna phosphorus will readily see that Canton's phos- 
phorus is properly the same thing : for the pologna stone 
and all the fusible spar^, which have been found to possess 
a phosphoric property, are nothing but combinations of 
vitriolic acid with calcareous earths. 

% VI. Homberg^s Pyrophorus. 

The following chemical discovery was entirely o\ying to» 
chance. * The celebrated Homberg had been assured that 
a white pil, in no manner fetid, which had the property o£ 
fixing mercury, could be extracted from human excrement» 
Hç therefore subjected this matter to experiment; and e*^-? 
tr^pted from it a white oil without any odour. It did not 
fix mercury ; but having exposed the residuuip of hir 
distillation to the air, he was surprised to see it take fire. 
Such'is the origin of his pyrophorus. 

It has however been since found, that it is not necessary 
to employ inatters.so filthy as those from which Homberg 
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khemistrv. Who would have believed that a luminous 
body could be extracted from putrid urine ? Nay more, a 
body susceptible of iuBammatian, and capable of inflaming^ 
by its contact, other combustible bodies ? Such however is 
tbe origin of this phosphorus, which in some measure may 
be considered as abject; but, to the philosopher, nothing 
}8 abject in nature, and the most disgusting objects some- 
times contain principles, capable of producing the most 
lingular and uncommoii effects* 

The discovery of the phosphorus of utine, like many 
Dthers, was the effect of chance. Â citizen of Hamburgh, 
Ui enthusiast in regard to the philosopheras stone, was 
Qoaking some experiments with urine; He was not thé 
Eirst nor the only person who imagined that the substance 
proper for fixing mercUry ought to be found in human 
sxcrement; and by repeated trials^ on this matter, hé 
found phosphorus; This discovery made a great noise in 
:be chemical world. But Brandt, the author of it, was not 
Jisposed to part with his secret for nothing. Kunckel, an 
ible chemist^ united with oneKrafft to endeavour to draw 
rom him the process } but Kraflt deceived Kunckel, pur- 
:hased from Brandt the secret of making this phosphorus^ 
md being desirous to carry on a lucrative traflSc^ refused 
o impart it to his associate. The latter incensed on ac- 
count of this tr'eachery of Krafft, and knowing that he had 
nade great use of human urine, endeavoured by researcheâ 

discover the secret, and at length found it. The honour 
if it therefore has remained with him ; for this phosphorus 
B commonly called KunckeVs Phosphorus*. 

On the other hand, Krafft went to England, and Having 
hown his phosphorus to the king and queen, the celebrated 

^ Leibnitz asserts that this account, generally given in regard to Brandt; 

1 entirely void of foundation. He gives a history of pbosphoxaSi which majr 
É seen in his works, vol. it. 

VOL; IV. E s 
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Boyle, whose curiosity was highly excited by ao singular t 
phenomenon, endeavoured also to discover the secret. He 
knc«- only, like Kunckei, that KrafFc laboured on uriite. 
He began therefore to make experiments on that matter, 
and found out likewise the method of e>:tracting phos- 
phorus from it. ile communicated the process to the 
public, in the Phitosophical Transactions for 1680, and 
according to every appearance taught the different opera- 
tions more particularly to a German chemist, settled at 
London, named Godfreyd Hanckwitz ; for he was a long 
time the only person who ijiade phosphorus. 

Though Boyle published the process for making this 
phosphorus, in 1 680 ; though Romberg taught it in 1 692 ; 
and though described in various books, phosphorus was 
made only in England, and by HancEwiiz alone. A 
foreigner, who came to France in 1737, offered however 
to disclose the whole process, and the ministry promised 
him a reward for it. Several chemists and memUers of liie 
Royal Academy of Sciences were requested to be present 
at the operation, w hich was performed at the Janl'in Royal 
des Plantes, and altunded with perfect success. M. Hellot 
wrote an account of the process, and published it in 1738, 
in the Memoirs of the Riiyal Academy of Sciences. Since 
that time only the method of making phosphorus has been 
known ; but it is one of the nicest operations of chemhtry, 
and does not succeed but in very expert hands. 
■ But none of the modern chemists has paid so much at- 
tention to the composition of phosphorus as Margraf, who 
has rendered the process more certain, more exact, and 
less tedious ; fur this reason we shall take him as oar guide, 
\n Avhat we are going to say on this subject. 

1st. Provide good urine, and let it purify itself; dieii 
put it into a glass vessel, placed over tiie lire, and evapi>- 
rate tiio phlegm, till it be reduced to the consistence of 
hiincv or of cream- 



It must here be observed that this matter cohtaihs a paf^ 
tkalaf salt, cdWed/tisible salt of urine i that this salt is com^ 
posed of an acid different from all the rest, called thé 
phosphoric, because it is a necessary ingredient in phos- 
phorus, by its combination with another principle, and be-' 
cause this acid is extracted by the deflagration of phos- 
phorus, as the vitriohc acid is by that of common sulphur. 

2d. Then mix four pounds of minium with two pounds 
of sal ammoniac in powder, and distil the mixture, which 
will furnish a volatile alkali highly concentrated. This 
alkali however is useless. But marine acid will attack the 
minium or calx of lead, and will form with it a compound, 
known to chemists under the name of corneous lead. Cor- 
neous lead, ready made, may be employed ; but we have 
thought proper to describe the method of making it, be- 
cause all our readers may not be chemists. 

Sd. A^ix this corneous lead, by little and little, in an iron 
pan, with eight or nine pounds of the extract of urirte, 
mentionedf in the 1st article, taking care to stir it con-^ 
tinually ; add to it half a pound of charcoal dust, und con- 
tinue to dry it till it be reduced to a black powder. Then 
throw the matter into a retort to distil it in a moderate heat^ 
and extract from it all the products; which are volatile 
alkali, a fetid oil, and a kind of sal ammoniac, which ad- 
heres to the neck of the vessel. Then bring the retort to 
a moderate red heat, and when nothing more passes over, 
unlute the apparatus, and reserve the residuum, which is 
a kind of caput mortuum. This residuum contains the phos- 
phorus, and must be distilled in a much more violent heat, 
it is a sign that it is well prepared, if a small bit of it, when 
thrown on the coals, exhales an odour of garlic, and burns 
with a small lambent flame. 

4th. Put the residuum into a good Hessian retort. M. 
MargràfTecom mends those of Waldenbourg as the best; 
but none of them are brought to France. Those of Hesse 
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over tbem a little of this oi], which has no sensible beat, 
because the phosphoric fire is very much rarefied. 

This phosphorus amalgamates very well with mercury, 
and forms a luminous compound. Put ten grains of phos- 
phorus into ;i pretty large long phiai, with two ounces of 
oil of lavender. The phosphorus will dissolve in it, pro- 
vided it be e.xposed to à gentle heat. If you then add half 
a. dram of quicksilver, you will obtain an amalgam, which 
will be entirely luminous in the dark. 

For the same purpose, phosphorus may be mixed with 
pomatum : it will become luminous, and may be rubbed 
over the face ■and hands without any danger. 

§ viii. Composition of a kind of a pyr&phoniSf which emits 
flames when brought into contact with a drop of water. 
For this composition we are indebted to the celebrated 
chemist Glauber. Mr:c together iron-filings, cadmia, tartar, 
and nitre ; then farm them into a paste, and dry it well ia 
a strong heat, such as that of a potter's furnace. If a few 
drops of water he thrown over this mass, it will emit flames 
and sparks. Such is the description given of this process 
by Beccher. The following is another, extracted from 
the Natural Magic of Martius. Pulverize quick-lime, 
tutty, and atorax calamité, each an ounce; live sulphur 
and camphor each two ounces; and having mixed them 
well together and sifted them, wrap them up in a piece of 
very thick linen cloth. Put this cloth into a crucible, 
cover it with another crucible, which must be tied closely 
to tbe former, and lute the joining with potters earth. 
When the luting is perfectly dry, put this double crucible 
into a potter's furnace, and leave it there till the matter is 
entirely calcined. This may be known by the colour of 
tht; crucibles, which ought to be of a pale red : when the 
whole is cool, if you throw a drop of water or spirit on 
this matter, it will emit sparks. 
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It was no doubt by means of a similar composition, that 
a German Jew drew sparks from the head of his cane, by 
-spitting on it. This invention indeed is very proper for 
teing employed by jugglers, to excite the wonder of the 
populace, and extort money from them. The Jew, here 
alluded to, it seems, turned to great advantage this <che- 
xnical secret. 

Kbmakk.— There are some other pretended kinds of 
phosphorus ; but properly speaking they are not so^ they 
we merely electric phenomena* 

Of this kind is the light seen in the inside of certain ^ 
barometers, called for this reason luminous. In the old 
.editions of the Mathematical Recreations, it was called 
DutoTs P/wspharuSy because that physician, but after 
Bernoulli, was able to make luminous barometers ; it is 
however now known that this does not arise from phos* 
phorus, but is merely an electric light. M. Ludolif, a 
German philosopher, has clearly proved, that this phe- 
nomenon is .the effect of electricity, produced in the tube 
of the barometer by the friction of the mercury* 

The case is nearly the same with mercury, which be* 
comes luminous when inclosed in a very clear glass vessel^ 
exhausted of air. We have described this phenomenon in 
the commencement of the present volume: it is also an 
electric phenomeiu)n. 

The light emitted by a^ diamond rubbed in the dark,- 
4ur a bit of sugar when grated, is of the same kind. 
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SUPPLEMENT II. 

Perpetual Lamps. 

THE subject of perpetual lamps bas too intimate a 
connection with that of phosphorus to be here ooiitted ; 
for if we were urged tov explain the accounts given of fire 
found ii) the tombs of the ancients, and from whieb 9ome 
pretend tp cpnplude thpy were acquainted with the art of 
maintaining a l^mp lighted for ages, it would be necessary 
to hare recourse to phosphorus. But these facts* rest on 
so slight a foundation, some of them even be^r such evi- 
dent marks of fiction, and the greater part of those which 
the honest Fortunio Liceti, a strong partizan of perpetual 
lamps, has collected as proof of this discovery, are so 
evident proofs of the contrary, that a moderate degree of 
acuteness is sufficient to show that nothing is less entitled 
to credit. If to this be added the physical reasons which 
contradict the possibility of an inflammable liqiior, burn- 
ing continually without being consumed, the perpetual 
lamps must be considered as a chimera, unworthy the at* 
tention of a philosopher, and fit only to be banished to the 
country of potable gold and palingenesy. If we intro- 
duce them therefore into this work, it is merely on acr 
count of the celebrity of the subject, and because we 
know that some persons are fondl of these singular an4 
extrao^dinajry tales^ 

ARTICLE I. 

Examination of the /acts alleged as a proof of the existence 

of perpetual lamps. 

Before the improved state of philosophy had shown the 
impossibility of real un-extinguishable fire, the learned 
were muph divided in their opinions on this subject^ 



^ut of ail the champions in favour of perpetual lampi, 
none has made greater efforts to obtain credit to their ex- 
istence than Fortunio Liceti, in his book entitled Dc Se^ 
conditis Antiguorum Lucernis. 

If credit may be given to this author, nothing was more 
common among the ancients than perpetual lamps. The 
lamp of Demosthenes^ that which burnt in the temple of 
Minerva at Athens, the vestal fire at Rome, all furnish him 
M'ith so daany proofs of the possibility of un-extinguishable 
fire. We cannot help smiling to see so much learning so 
idly employed : for who does not know that these fires 
were called perpetual, merely because it was a point of 
religion to preserve them from being extinguished, and to 
supply them with continual aliment ? 

The other partisans of perpetual lamps, while they smile 
at the simplicity of Liceti, support their reasoning on 
facts, which seem to carry with them a little more weight; 
they are as follow. 

1* The Lamp of Tulliola. 

The tomb of TuHiola, the beloved daughter of Cicero, 
and whose death cost him so many tears, was discovered, 
it is said, under the pontificate of Pius in. It is pretended 
that in this tomb there was a lamp actually burning, but 
which became extinguished on the admission of air. 

2. The Lamp of Ob/bms. 

But it is the lamp of Olybius, which, above all others, 
supplies tlie partisans of perpetual lamps with one of their 
strongest arguments. 

In the year 1500, as we are told, some peasants digging 
the earth to a considerable depth at Atesta, in the neigh* 
bourhood of Padua, came to a tomb, in which they found 
two earthen urns, one within the other. The inner, it is 
6aid| contained a burning lamp, placed between two phials^ 
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one Elled nith liquid gold, and the other with liquid silrer. 
On the large urn was the foilowiug inscription. 

Vlutoui Mcnim niumH ne attiiigiW, fares j 

l^nolum e&t rotiii hoc quod in orbe latet; 
Namquu ei^mealfi grsvi ctsusit digesU labore, 
Vase sub hor niodico, tnaxiaiuï Olybiua. 
Adiit rEeuudi) eii^tos «ibi cop[a eomu. 



The secoEid is said to have been inscribed also with tbese 
lines: 



n occulis emissitii 



li hoc sacrum Cecil, 



I 



Such JH the manner in which this curious discovery is 
related by Gesner. But what follows is still stronger, 
Liceti gives a tetter of one Maturantius, who tclts bis 
friend Alphetius, that he had got possession of this valuable 
treasure, " Both the vases," says he, " with the inscrip- 
tions, the lamp and the phials, have fallen into my liands, 
and are now in my possession. If you saw them you 
would be astonished. I would not part with them for a 
thousand crowns of gold." This is no doubt the language 
of a man who believes he possesses an inestimable rarity, 
We do not however know that it exists in any collection. 

It appears tliat in this case, as in regard to the tomb of 
Tulliola, an accident prevented enlightened people from 
being witnesses to the phenomenon; for we read in the 
credulous Porta, that as the peasants who found this trea. 
sure handled it too roughly, the lamp broke in their hands, 
and wiis extinguished. 

3. T/ie Lamp of Pallas, the son of Evaiu/cr. 
We are told also tliat, about the year 800 of the Christian 
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«era» the tomb of the famous Pallas the son of Evander, 
killed as is well known by Turnus, was found at Rome. 
It was known to be that of Pallas by these verses : 

Filius Evandri Pallas qoem lancea Tumi 
Militis occidit, more suo jacet hie. 

It contained a burning lamp ; which consequently must 
have burnt nearly 2000 years, since it was shut up in the 
jrear 1170 before the Christian aera. 

4. The Lamp in the Temple of Femes,' ' 

This lamp, and the temple of Venus, in which it was 
suspended, are mentioned by St. Augustine. He says it 
burnt perpetually, and that the flame adhered so strongly 
to the combustible matter, that neither wind, ra^n, nor 
jtempests could extinguish it, though continually exposed 
to the air, and to the inclemency of the seasons. This 
^author endeavours to explain the mechanism of it, and 
^fter offering a conjecture, which in part is pretty correct, 
namely, that a wick of asbestos was perhaps employed, he 
(concludes by saying that it might have been the work of 
demons, in order to blind the pagans more and more, 
^nd to attach them to the infamous deity worshipped in 
jbhis temple. 

Here then, according to the partisans of perpetual 
lainps^ WjB have un-extinguishable fire, the existence of 
. .which is fully confirmed by the testimony of the most en- 
lightened roan of his age ; and who notwithstanding his 
knowledge, is obliged to have recourse to the artifice of 
.jdemons to e^çplain this phenomenon. 

5. Lamps of Cassiodorus. 

The celebrated Cassiodorus, who, it is well known; was 
as much respected on account of his employments as of his 
talei^ts, tells us himself that he made perpetual lamps for 
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his monastery at Viviers. Each monk, it is probable, bad 
one of tbem for liis own use. His words are: Paravimut 
etiam noeturnis vigiliU mecanicas lucernas cotuervalrices 
illuminanlium flammarum, ipsas sibi miirientes incendmm, 
qux humano ministei-io cessante pro! txe custodiant uberrimi 
luminis abundantissimam claritatevi, ubi old pinguedo non 
deficit, gaamvis jiigiler Jlammis ardentibus lorrtatur.' Some 
partisans of perpetual lamps may here say : " Is it possible 
to refuse credit to testimony so authentic, so clear, and so 
respectable ?" 

Such are the principal facts adduced in favour of per- 
petual lamps ; but we may venture to say that they will 
not stand the test of critical examination- In regard to 
the first three, what dépendance can be placed on facts 
related in so vague a manner, and accompanied with such 
incoherent and romantic circumstances? None of these 
facts are supported by any other testimony than that of 
men who lived a long time after ; no person whose testi- 
mony is of any weight asserts that he actually saw them. 
But in disputes which are contrary to the common laws of 
nature, they must at least be certified by enlightened men, 
above all suspicion of credulity or ignorance. 

The tale respecting the tomb of TulHola is as old as 
the year lli45, a period when all Europe was sunk in the 
grossest ignorance. A body is said to have been found in 
it; and in that case it could not be the body of TuUioIa, 
for the Romans, in the time of Cicero, always burnt their 
dead. In consequence of this and similar circumstances, 
some authoi-s have conjectured that the tomb alluded to 
was that of the wife of Stilico; but the Christians never 
placed lamps in their tombs. The account therefore of a 
lamp found in this tomb Iias every apfic^uance of a fiction. 

But what sliali wc say oftiie tomb of Olybius, and the 
lamp with two phials, one filliid witli fluid cfold, and the 
other with fluid silver? This double uru was fuiind i>v 
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peasants, itho according to some authors handled the 
lamp, contained in the second arn, so clumsily, as to break 
it, and yet Maturantius pretends that he had it in his 
possession. Who saw the lamp burning? what evidence 
have we that the peasants beheld it in that state? and 
whose testimony in this case would be admissible? Some 
tapour exhaled from a place shut up for so many ages 
might easily impose on rude and ignorant people. 

What is the meaning of the inscription ? where is there 
any allusion in it to perpetual fire ? Is it necessary that a 
gift sacred to Pluto should be a burning lamp ? If there 
be any truth in the discovery of this tomb, it ought only 
to be concluded that it belonged to some alchemist, of an 
age not very remote ; for it is well known that the Romans 
had no idea of chemistry, and none of ^ them ever at- 
tempted the transmutation of metals. If this folly had 
•then been in existence, some traces of it would, certainly 
be found in their writings; but on this subject they all 
obsprve, the most profound silence. This chimera was 
communicated to us by the Arabs, with some real know- 
ledge in regard to chemistry. 

But«^f the Romans were unacquainted with chemistry^ 
how could they construct perpetual lamps, which would 
be one of the greatest productions of that science ? 

Tlie story of the tomb of Pallas^ the son of Evander, is 
scarcely worth refutation. Who can be so weak as to be-^ 
lieve that the verses^ already quoted, were written in the 
time of Eneas? One needs only to have seen the language 
of the twelve tables^ to be able to judge how little resem- 
blance the ancient language of the Romans, and conse- 
quently that of the period of the kings of Alba, bore td 
these Latin verses. 

In regard to the lamp of Venus, which occasioned sd 
much difficulty to St. Augustine, we shall observe that this 
author does not say that it was never supplied with new 
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aliment. What seems to be most singular is, that it cou'lcf 
not be extinguished, either by wind or by rain; but iit 
this there is nothing nonderful, since our oilmen sell flam- 
beaux which have the same property. A method of 
making similar fire may be found in rarious books of 
chemistry. Besides, even admitting that iliis lamp was 
perpetual and inextinguishable, who is su ignorant as not 
to know that the Pagan priests were the greatest im- 
postors, and that they might employ many artiBces to 
■upply the lamp with new ahmcntf 

The lamps ot Cassiodorus may be explained with equal 
case; they were lamps which, like those of Cardan, sup- 
plied themselves with oil by means of a reservoir ; and 
Cassiodorns only meant to say, that these lamps lasted a 
long time, in comparison of the common lamps of that 
period, which stood freijuentty tnneed of having oil poure^l 
into them. 

These reBections did not escape several ingenious 
writers, such us Aresi, a bishop, and author of Si/vibola 
seti Emblemata sacra; Buonamici, a philosopher L-onteiu- 
porary with Liceti; and particularly Octavio Ferrari, to 
whom we are indebted for a curious and learned work De 
Velerum Lucentus sepulckralibus. All these authoi-s, and 
especially the last, overturn the arguments of Liceti, and 
fully show that the facts be has adduced in favour of per- 
petual lamps rest on a weak foundation, and that they 
abound with absurdities aud contradictions. They eveit 
ridicule the weakness of tbis learned man, who by an excess 
of credulity, almost beyond belief, finds in the lamp of the 
tomb of the necrom^icer Merlin, described by the poet 
Ariosto, a proof of perpetual lamps. 

We shall conclude this article with ihe following verv 
just reflections of Octavio Ferrari , before mentioned, which 
naturally suggest themselves to the mind. If the secret 
of constructing perpetual and inextinguishable fire haii 
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been known to the ancients, would an art so useful have 
remained buried in oblivion ? but, even admitting that it 
might be lost, for want of philosophical and chemical 
knowledge, is it possible that Pliny, who enumerates the 
common inventions, as well as those most celebrated, 
should say nothing of this perpetual fire, a thing so wonder- 
ful? When Plutarch makes mention of the lamp of Jupiter 
; Ammon, because it burnt a whole year, is it to be sup- 
' posed that he would observe silence respecting lamps, in 
comparison of which the former was a contemptible trifle ? 
We must therefore say, that both history and sound 
criticism oppose every idea of such an invention having 
ever existed. We shall now examine how far it is con- 
sistent with the principles of philosophy. 

ARTICLE II. 

On the Physical Possibility of making a Perpetual Lamp. 

Having proved the weakness of all the facts brought as 
. proofs in favour of perpetual lamps, it remains that we 
should examine how far they are possible, according to the 
principles of sound philosophy. 

To obtain a perpetual lamp, it would be necessary to 
have as follows: 

1st. A wick which could not be consumed. 

'2d. Spme aliment which could not be consumed, or a 
substance which, after having served as aliment to the fire, 
should return into the vessel, without losing its inflammable 
* quality. 

3d. It would be necessary also that the flame should be 
able to exist a long time in a place absolutely close, and 
of small dimensions ; for such were the tombs in which 
these;^ perpetual lamps are said to have been found. 

But all these things are impossible, as will bQ seen by 
what follows. 
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4iit pespctuaL lamps. 

1 1, impoisihility of procuring a pei-peiual wick. HiUor^ 
af the amianthus ! manner of spinning it, and forming 
it into a wick: examiTUition nj its supposed incombusti- 
bility. 

Tbe curious properties ascribed to the amianthtis, vrhicb 
are in part real/are well known. We s!ia.ll here give ths 
history of it; but we shall Dot be so proHx as the inex- 
Iiaustible abbé Vallemont. The amianthus, called alsd 
incombustible fiax, and asbestos, is a mineral substaoctt 
found in several parts of the earth. It consists of fibre» c£ 
a white colour, more or less greyish, ivbich adhere strong^: 
to each other. Means however are found to separatft 
them, and when well washed, they have the appearance o^ 
the whitest flax. The aniiantbua U ft.und in the Pjrenéesjt, 
the Alps, Stc, Tho most beautiful, in our opinion, is that 
ibund in or near the mine of Pesey in Savoy. We have 
«een some, tbe fitameiils of which were above a. foot iii J 
length, and exçepdingly white. . I 

But the singular property which charactenzes this sub- ^ 
stance is, that it remains unhurt in the fire, and when 
faVen out is purer and whiter than it was before. This 
property therefore has been made the basis of a thousand 
moral and pious comparisons, which we shall tiot here ' 
repeat. I 

It h proper to observe, that the druggists, a sort of men ' 
who throw all natural history into confusion by their cor- 
Hipted nomenclature, are acquainted with asbestos under 
no other name than that o^ frathered alum ; but this de- 
nomination arises from profound iguorance. Alum is a 
salt, and is soluble in water, whereas the amianthus is in- 
soluble in that linnld. The amiantlius therefore is not 



alum 



What has 



tills iaisc denomina- 



tion is, that there is indeed a feathered alum, or alum 
crystallized in fibres, which has ^ome resemblance to the 
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time, it is takca out, rubiicd between the hands, opened 
and spread out, frequently dipping it in the water, in 
order to clean it from the e;irthy particles. This operation 
is repeated fire or six times, until the filaments are well 
detached from each other, after which they are collected. 

They must then be dried on some apparatus, through 
which tho water can easily drain off. The next thing is 
to provide two small cards, fiuer than those used to card 
the wool employed for making hats and stuffs, and the iu- 
combustibte flax must be placed between these two cards, 
that a few of the hJameuts may be drawn out at a time, in 
order to be spun with a small spindle. 

But, it is to be observed, that as the filaments of this 
flax are in general very, short, it is necessary to spin along 
with it some fine cotton or wool, which may embrace and 
unite them. 

Care however must be taken to use always a little more 
amianthus than of the substance you have chosen to spin 
along with it. The reason of this is, that when the thread 
is made into cloth or into purses, the work is thrown into 
the fire; the cotton or wool then burns, and being con- 
sumed, nothing remains hut pure amianthus. It^s almost 
in the same manner that gold and silver is spun with silk j 
and that old gold or siver lace is burnt to obtain the pure 
metal. 

Ciampini says, that those who spin this substance must 
moisten their fingers, and particularly the thumb and the 
fore finger, to render the operation easier, and to prevent 
the fingers from being excoriated, because the amianthus is 
corrosive. He says also that the use of cards may be 
dispensed with ; and that it is sufficient to put the filament» 
of the amianthus in regular order in such a manner, that 
ihey may easily separate to insinuate themselves into the 
cotton or wool added, in order that they may be spun 
together. When the cloth or purses are dirty, they are 
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thrown into the fire, and on being taken oat, are whiter 
and more brilliant than they were before. He recom- 
mends moistening them with a little oil or essence, when 
they come from the fire ; because oil nourishes the amiai^- 
thus, and causes the thread to remain smoother. 

We shall here observe, that to form the amianthus into 
wicks, it is not necessary that it should be purified or spun. 
It will be sufficient to take the longest filaments, and to 
tie them together with a white silk thread, in a quantity 
proportioned to the size of the wick. It is astonishing to 
see with what avidity the amianthus attracts and imbibes 
^ the oil. It may be employed as it is found in filaments, 
in the druggists' shops, and the lamp will not fail to burn 
and to emit a strong light. 

Ciampini however is mistaken when he ascribes to the^ 
amianthus a corrosive quality; its stony and no ways saline 
nature will not admit of such a property. 

Having given this short history of the amianthus, it re» 
mains that we should examine the consequences that may 
be hence deduced. 

If we can believe the partisans of perpetual lamps, since 
the first step towards the execution of such a work is a 
perpetual and incombustible wick, we have the object ac- 
complished; for the amianthus supplies us with such a 
wick, since it is incombustible, and since the trials made 
of it have been attended with success^ Father Kircher 
assures us, that he bad a lamp with a wick of this kind, 
which answered exceedingly well. 

We will not deny that it is possible, by means of the 
amianthus, to make a wick, which will last for a very long 
time ; but we will assert that it would not be perpetual ; 
for though the amianthus is boasted of as being incom- 
bustible, this property is not absolute. We will even 
venture to say, that the amianthus is at length annihilated 
by fire, like every other body. It is true that cloth of the 
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amianthus, when thrown into the fire, is taken out sound 
and entire, but not absolutely so. It is observed that it 
loses a little of its weight every time it is exposed to the 
fire. It would thercrore be at length destroyed, and 
perhaps in the course of a very short time, such as a. few 
days, if it were only made red hot and suffered to cool, or 
if it were left all that time in a very strong lire. Conse- 
quently a wick of amianthus would at the end of a certain 
period be entirely destroyed. 

Some have tried to make wicks of bundles of gold 
threads, exceedingly fine. This perhaps would be the 
means of ohtaining a wick almost perpetual in its duration ; 
but it has never been possible to light them; and even if 
this could bu done, another inconvenience would prevent 
their being of any use: the gold filaments would be fused 
by the Hame, and consequently would be rendered unfit 
for answering the intended purpose, as it is well known, 
that if a piece of silver wire be presented to the flame of a 
taper, it is instantly fused, and the case woald be the same 
with a gold wire, for it is more fusible than silver. 

§ 11. Impossibility of procuring indestructible aliment, for 
the perpetual lamps. Pretended recipes for making in- 
destructible oil. 

But we shall even suppose a wick absolutely unalterable 
to have been found, and that it does not become choaked up 
with fuliginous matter, from the combustible substance by 
which it is fed. This however would be only a small part 
of what is necessary for obtaining a perpetual lamp. Some 
kind of aliment, which shall experience no diminution^ or 
which having served to maintain the fiame without ex- 
periencing any alteration, may return by a perpetual cir- 
cukition into tlie vessel from wiiich it issued, will also be 
rrquisite. Is all this possible? 

But lot us now hi:ar t!ic ulchcmists or the partisans of 
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perpetual lamps. We shall be entertained with their ideas 
respecting the manner in which an oil, such as these lamps 
would require, might be obtained. 

Some, considering that the amianthus resists fire, have 
tried, but without success, to extract an oil from it. 

Others, observing that gold and silver, but particularly: 
the former of these metals, are indestructible by fire, con* 
ceived an idea of searching in them for that valuable oil 
which would put us in possession of perpetual lamps. This 
is the noble secret with which Liceti pretends that Olybius 
was acquainted ; but the metals are as incapable of pro* 
ducing oil as the amianthus. 

It may however be said, that if it were possible to re- 
duce gold to a liquid state, we might perhaps obtain an 
incombustible oil, as gold is unalterable in the fire. Bu^ 
besides the impossibility of converting gold into a liquid, 
how do we know that it would be inflammable like oil? 

The abbot Trithemius, or the person who in his name 
has written a great many falsehoods, pretends to give two 
recipes for making -incombustible oil. We shall here lay 
one of them before our readers, with the whole process for 
making a perpetual lamp. 

Mix, says that celebrated visionary^ or the person who 
speaks in his name, four ounces of sulphur and four ounces 
of alum; sublime them, and convert them into flowers. 
Take two ounces and a half of these flowers, with half an 
ounce of borax and Venetian crystal, and pulverise the 
whole in a glass mortar. Put the powder into a phial, and 
having poured into it spirit of wine, four times rectified, 
causé it to digests Pour off the spirit of wine, and having 
added sopie new, repeat the same thing three or four times, 
until the sulphur runs without smoke, like wax, on hot 
plates of brass. You must then prepare a proper wick, 
which may be done in the following manner : Take fila- 
ments of the- asbestos stone, of the length of the jfinger^ 
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even in consequence of the good colour of their matter, 
like that described by Philaletbes and the learned Morien*", 
have gone so far as to purchase estates for a large sum of 
money. But unfortunately, every thing is still deficient, 
and thf good alchemist dies in the hospital, protesting that 
nothing was wanting to his matter, but an imperceptible 
degree of coction, to render him the richest man on the 
earth. 

In regard to the perpetual lamp of Naples, we shall 
change our opinion when we learn with certainty that it 
has been tried, and that it has burnt only one year. 

* Two celebrated adepts. 
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